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Description 

Field Of The Invention 

[0001] This invention relates to novel methods, devic- 
es and apparati for the centrifugal separation of a liquid 
into its components of varying specific gravities, and is 
more particularly concerned with a blood separation de- 
vice useful, for example, in the preparation of compo- 
nents for a fibrin sealant. 

Backaround Of The Invention 

[0002] The separation of a liquid into its fractions, or 
components of varying specific gravity, has been carried 
out, inter alia, by centrifugation in many hospital, labo- 
ratory and industrial settings. For example, centrifuga- 
tion is widely used in blood separation techniques to 
separate blood into fractions containing plasma, plate- 
lets, red blood cells white blood cells and/or formed 
components, e.g. fibrinogen, fibronectin, factor VIII, fac- 
tor XIII and the like. Quite simply, devices for use in such 
techniques rely on the more dense components, e.g. the 
cell-containing fraction(s) in blood, being forced to a dis- 
tal portion of the apparatus by the centrifugal force. 
[0003] Many of the numerous device designs which 
utilize centrifugation can be placed into two categories: 
a first group in which the sample container is swung 
about a central axis of the centrifuge system itself; and, 
a second group in which the chamber is rotated about 
its own longitudinal axis. In the first category the con- 
tainer is typically a plastic bag or tube closed on one 
end. Such containers are orbited about the central axis 
of the centrifuge system such that the more dense com- 
ponents are forced to the bottom of the tube or to one 
side of the bag. Means are thereafter provided to selec- 
tively remove the less dense component, such as plas- 
ma from the more dense component, such as blood cells 
and platelets, or vice versa. Typically such means is a 
separator assembly which is insertable into an elongat- 
ed blood-containing tube. Alternatively, when using a 
plastic bag, the bag is carefully squeezed so as to force 
out the plasma. U. S. 3,932,277 to McDermott et al dis- 
closes a device comprising a sample tube and a collec- 
tion tube. The collection tube has a filter and check valve 
at one end which is inserted into an already centrifuged 
sample tube to collect the plasma. Similarly U. S. 
3,799,342 to Greenspan utilizes a separator having a 
check valve which opens upon pressurization of the 
sample container to allow separated plasma to pass 
through into a collection chamber. U. S. 4,818,386 to 
Burns employs a semi-buoyant separator designed to 
have a specific gravity intermediate the specific gravities 
of two components into which the liquid is to be sepa- 
rated. Upon centrifugation, the separator moves within 
an elongated blood sample tube to a position substan- 
tially between the more dense materials at the bottom 
and the less dense materials at the top. An elastomeric 



cup encompassing the separator locks the separator in 
place when centrifugation is ceased to facilitate selec- 
tive removal of the less dense component. 
[0004] As mentioned, a second category includes de- 
5 vices wherein the liquid-containing chamber is rotated 
about its longitudinal axis. The liquid containing cham- 
ber is typically cylindrical or bowlshaped such that upon 
centrifugation heavier liquid components, e.g. blood 
cells, migrate outwardly toward the chamber wall and 
10 the lighter components, e.g. plasma, remain inward. 
Within this category are devices which include conduits 
to other distinct containers, typically for the receipt and/ 
or transfer of liquid during centrifugation, and devices 
which are self-contained for processing a fixed volume 
15 of liquid. One such device of the former variety is the 
"Latham bowl" disclosed and modified in a number of 
patents including U. S. 4,086,924, 4,300,717, etc. The 
Latham bowl is designed such that the less dense com- 
ponents towards the inner portion of the spinning bowl 
20 are forced upward into a collection area inward of the 
outermost bowl radius. This system, however, requires 
a constant flow of blood to force the separated plasma 
out and this "flow-during-spinning" feature mandates 
complex and expensive rotary seals. 
25 [0005] McEwen in U. S. 4,828,716 separates a liquid, 
such as blood, into its components, such as plasma and 
red blood cells, by centrifugation in an elongated tube 
at speeds sufficient to provide a concentric interface be- 
tween these components. That is, a substantially cylin- 
30 drical apparatus is spun about its central or longitudinal 
axis such that the more dense cellular components 
move to the outer wall and the less dense components 
are inward of the more dense components. McEwen de- 
vice thereafter reduces the volume of the processing 
35 chamber and collects the less dense plasma compo- 
nents by forcing it to a central collection port. 
[0006] The above-described concentric separation 
occurs, by virtue of the centrifugal, or G-force, acting 
upon the components, which is dependent upon radius 
<o and which can be expressed as 

G = 1 .1 8 x 10. 5 x Radius (CM) x RPM 2 

45 [0007] To provide a good separation of components, 
it is beneficial to provide as "sharp" an interface as pos- 
sible between the components of varying density. Thus, 
for each liquid made up of two or more components, 
there is minimal G-force needed to maintain this con- 

50 centric interface. One potential difficulty with such prior 
art reducing-volume/concentric-interface devices is that 
it becomes difficult to maintain the desired separation 
interface because as the volume is reduced and the 
plasma is collected, the height of the processing cham- 

55 ber is also decreasing.This provides, obviously, that the 
constant volume of cellular (more dense) material is 
forced inward to a decreasing radius. Indeed this must 
occur with the prior art device to force the plasma ma- 
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terial centrally towards the collection port. However, it 
can be appreciated that when the radius of cellular ma- 
terial drops below the critical value needed to maintain 
a concentric interface at a given speed, the interface be- 
comes much less clearly defined, if not nonexistent, and 
collection of unwanted cellular material results. For the 
McEwen-type blood separation, the volume of pure 
plasma is not as critical as for certain other applications. 
Also, the McEwen-type device operated at ultracentrif- 
ugation ranges. 

[0008] In more current technologies, it has become 
critical to be able to separate blood components with a 
more reliable purity of separation resulting in a higher 
hematocrit value, i.e. ratio of to red blood cells to the 
total volume of the sample. It is also highly desirable to 
be able to provide separation in shorter periods of time 
and with minimal need for detection devices. Further, 
ultracentrifugation can exert excessive shear forces on 
blood components which have undesirable effects, e.g. 
hemolysis. It would be useful in many applications to 
provide the above liquid separation benefits, especially 
at centrifuge speeds below 20,000 RPM, preferably in 
the 3,000-15,000 RPM and optimally in the 5,000 - 
10,000 RPM range. Typically, centrifuge speeds above 
about 10,000 RPM results in severe journalling and 
bearing problems especially relating to the problem of 
providing adequate lubrication. 
[0009] An object of the present invention is to provide 
more accurate and efficient separation of liquid, in par- 
ticular blood, into its phase portions of different densities 
through the employment of improved separation tech- 
niques. A particular advantage of the present invention 
is that a quick, efficient separation of liquid components 
can be accomplished without the disadvantages, i.e., 
expensive, complex equipment and damage to compo- 
nents such as blood components, of an ultracentrifuga- 
tion system. 

[001 0] A particular feature of the present invention re- 
lates to the fact that in accordance with the novel sepa- 
ration and collection techniques according to the 
present invention, a blood sample may be used to pro- 
vide a Fibrin extraction to be used in the preparation of 
a tissue repair promoting substance, a so-called tissue- 
glue, which separation and preparation is carried out in 
a field compartment eliminating the risk that laboratory 
persons or operators are exposed to infectious agents 
that may be passed through contact with blood, e.g. 
hepatitis or acquired immune deficiency syndrome. 
[001 1 ] A particular advantage of the present invention 
relates to the novel separation and collection technique 
which renders it possible to perform a separation of a 
blood sample for separating the blood sample into plas- 
ma and blood cells which separation further provides a 
separation of blood platelets from the blood cells and 
consequently provides the ability to obtain plasma with 
a desired high or low platelet level by varying the appro- 
priate process parameters. 



Brief Description of the Invention 

[001 2] The present invention provides for more accu- 
rate and efficient separation of liquid into its separate 

5 components through the employment of improved sep- 
aration and collection techniques and novel devices 
suitable in such techniques. Separation by centrifuga- 
tion to provide a concentric interface between compo- 
nents of a liquid is enhanced by using a cylindrical hous- 

10 |ng having fixed outer and inner cylindrical wall which 
with top and bottom walls, define an annular chamber. 
The radius of the inner cylindrical wall from the longitu- 
dinal axis of the device is chosen such that at the desired 
speed(s) of centrifugation there will always be a suffi- 

15 cient centrifugal force (G-force) maintained at the inner 
cylindrical wall, and thereby throughout the annular 
chamber, to sustain such a concentric interface of com- 
ponents. By reducing the volume of the annular cham- 
ber during centrifugation the desired component or com- 

20 pounds can be selectively removed via a drain means. 
[0013] The resulting separation can be carried out rel- 
atively quickly and at relatively low speeds. By a suitable 
choice of the inner and outer radius of the chamber, it is 
possible, for example, to achieve a separation of up to 

25 80% of the plasma of a blood sample in about 1 minute 
at a speed of rotation of approximately 5,000 rpm. The 
axially symmetrical inner wall provides that the chamber 
in which the separation is to be carried out is annular, 
which in turn ensures that the components in the cham- 

30 ber are always subjected to a G-force during the reduc- 
tion of the volume which maintains a sharp interface. An 
annular chamber renders it furthermore possible in con- 
nection with a given blood sample to achieve a relatively 
small distance between the inner wall and the outer wall 

35 with the result that the components to be separated from 
one another need only move a relatively short distance. 
Accordingly, the separation is carried out quickly with a 
relatively high purity of the individual components. 
[0014] The above object, the above feature and the 

40 above advantage together with numerous other objects, 
advantages and features which will be evident from the 
below description of presently preferred embodiments 
of the present invention are in accordance with the first 
aspect of the present invention obtained by an appara- 

45 tus for separating a liquid sample having phase portions 
of different densities into said phase portions by centrif- 
ugal separation, comprising: 



a phase separation container, comprising: 

50 

a housing having concentric inner and outer cy- 
lindrical walls defining a longitudinal axis, a bot- 
tom wall, and a top wall, said outer cylindrical 
wall, said inner cylindrical wall, said bottom wall 
55 and said top wall defining together an annular 

chamber for receiving said liquid sample, 
a piston body constituting said bottom wall or 
top wall of said housing and being displaceable 
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within said annular chamber from a first position 
in which a maximum interior volume is defined 
within said annular chamber to a second posi- 
tion in which a minimum interior volume is de- 
fined within said annular chamber, and 5 
a drain conduit means communicating with said 
annular chamber, 

a liquid supply means for supplying said liquid 
sample to said annular chamber of said phase 
separation chamber as said piston body is in 
said first position, 

a motor means for rotating said phase separa- 
tion container round said longitudinal axis at a 
rotational speed causing a separation of said 
liquid sample into said phase portions, 
an actuator means for displacing said piston 
body within said annular chamber from said first 
position towards said second position while 
said phase separation container is rotated at 
said rotational speed so as to expel one of said 
phase portions from said annular chamber 
through said drain conduit means. 

[0015] The above object, the above feature and the 
above advantage together with numerous other objects, 
advantages and features which will be evident from the 
below description of presently preferred embodiments 
of the present invention are in accordance with the sec- 
ond aspect of the present invention obtained by a phase 
separation container to be used in an apparatus for sep- 
arating a liquid sample having phase portions of differ- 
ent densities into said phase portions by centrifugal sep- 
aration, said phase separation container comprising: 

a housing having concentric inner and outer cylin- 
drical walls defining a longitudinal axis, a bottom 
wall, and a top wall, said outer cylindrical wall, said 
inner cylindrical wall, said bottom wall and said top 
wall defining together an annular chamber for re- 
ceiving said liquid sample, 
a piston body constituting said bottom wall or top 
wall of said housing and being displaceable within 
said annular chamber from a first position in which 
a maximum interior volume is defined within said 
annular chamber to a second position in which a 
minimum interior volume is defined within said an- 
nular chamber, and 

a drain conduit means communicating with said an- 
nular chamber 

[001 6] A third aspect of the present invention involves 
a cylindrical receiver chamber for receiving the phase 
portions expelled from the annular chamber and sepa- 
rated from the annular chamber by the piston body. 
[001 7] A fourth aspect of this invention pertains to the 
apparatus and phase separation container as above 
wherein the inner cylindrical wall of the annular chamber 
is a cylindrical wall component of the piston body. 



[0018] A fifth aspect of the invention involves methods 
for using the above apparatus for separation of a liquid 
into phase portions of different densities. 
[0019] A sixth aspect of the invention relates to such 
a method wherein the ration (r } :r 0 ) of the radius of the 
inner wall ri to the radius of the outer wall r 0 is between 
about 0.3:1 and about 0.8:1 preferably 0.5:1. 
[0020] A seventh aspect of the invention involves the 
apparatus and phase separation container as described 
above including connector means connecting the phase 
separation container to the motor means. 
[0021] The above object, the above feature and the 
above advantage together with numerous other objects, 
advantages and features which will be evident from the 
below description of presently preferred embodiments 
of the present invention are in accordance with another 
aspect of the present invention obtained by a method of 
separating a liquid sample having phase portions of dif- 
ferent densities into said phase portions by centrifugal 
separation, said method comprising: 

providing a phase separation container, compris- 
ing: 

a housing having concentric inner and outer cy- 
lindrical walls defining a longitudinal axis, a bot- 
tom wall, and a top wall, said outer cylindrical 
wall, said inner cylindrical wall, said bottom wall 
and said top wall defining together an annular 
chamber for receiving said liquid sample, 
a piston body constituting said bottom wall or 
top wall of said housing and being displaceable 
within said annular chamber from a first position 
in which a maximum interior volume is defined 
within said annular chamber to a second posi- 
tion in which a minimum interior volume is de- 
fined within said annular chamber, and 
a drain conduit means communicating with said 
annular chamber, 

supplying said liquid sample to said annular 
chamber of said phase separation chamber as 
said piston body is in said first position, 
rotating said phase separation container round 
said longitudinal axis at a rotational speed 
causing the generation of a gravitational field 
within said annular chamber so as to separate 
said liquid sample into said phase portions at 
any location within said annular chamber, 
displacing said piston body within said annular 
chamber from said first position towards said 
second position while said phase separation 
container is rotated at said rotational speed so 
as to expel one of said phase portions from said 
annular chamber through said drain conduit 
means. 

[0022] The. above object, the above feature and the 
above advantage together with numerous other objects, 
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advantages and features which will be evident from the 
below description of presently preferred embodiments 
of the present invention are in accordance with another 
aspect of the present invention obtained by a method of 
separating a liquid sample having phase portions of dif- 
ferent densities into said phase portions by centrifugal 
separation, said method comprising: 

providing a phase separation container, compris- 
ing: 

a housing having concentric inner and outer cy- 
lindrical walls defining a longitudinal axis, a bot- 
tom wall, and a top wall, said outer cylindrical 
wall, said inner cylindrical wall, said bottom wall 
and said top wall defining together an annular 
chamber for receiving said liquid sample, 
a piston body constituting said bottom wall or 
top wall of said housing and being displaceable 
within said annular chamber from a first position 
in which a maximum interior volume is defined 
within said annular chamber to a second posi- 
tion in which a minimum interior volume is de- 
fined within said annular chamber, and 
a drain conduit means provided at or near said 
inner cylindrical wall and communicating with 
said annular chamber, 

supplying said liquid sample to said annular 
chamber of said phase separation chamber as 
said piston body is in said first position, 
continuously rotating said phase separation 
container round said longitudinal axis at a rota- 
tional speed causing one of said phase portions 
to be separated from said liquid sample, and 
displacing said piston body within said annular 
chamber from said first position towards said 
second position while said phase separation 
container is rotated at said rotational speed so 
as to continuously expel said one of said phase 
portions from said annular chamber through 
said drain conduit as said one of said phase 
portions is separated from said liquid sample. 

[0023] The above object, the above feature and the 
above advantage together with numerous other objects, 
advantages and features which will be evident from the 
below description of presently preferred embodiments 
of the present invention are in accordance with another 
aspect of the present invention obtained by an appara- 
tus for separating a liquid sample having phase portions 
of different densities into said phase portions by centrif- 
ugal separation, further including: 

means for detecting the characteristics of one or 
both of the components within said phase separation 
container during the separation process. 
[0024] The methods according to the above aspects 
of the present invention like the apparatus and the con- 
tainer according to the other aspects of the present in- 



vention, are preferably used for separating plasma from 
a blood sample. Thus, the apparatus, the phase sepa- 
ration container and the method according to the 
present invention are advantageously and preferably 
5 used for separating a blood sample into various constit- 
uents such as blood cells and plasma optionally includ- 
ing platelets or alternatively constituting platelet-free 
plasma. 

[0025] Most preferably the apparatus and methods 
10 are employed to prepare a composition containing fibrin 
monomer or non-crosslinked fibrin, optimally for use in 
a fibrin sealant. 

. Detailed Description Of Preferred Embodiments 

15 

[0026] The present invention will now be further de- 
scribed with reference to the drawings, in which 
[0027] FIGURE 1 is a schematic and sectional view 
of a first embodiment of a sample container of a centrif- 
20 ugal separation and processing apparatus implemented 
in accordance with the teachings of the present inven- 
tion. 

[0028] FIGURES 2-10 are schematic and sectional 
views similar to the view of FIGURE 1 illustrating specific 

25 steps of a separation and extracting process when em- 
ploying the first embodiment shown in FIGURE 1. 
[0029] FIGURE 11 is a schematic and sectional view 
similar to the view of FIGURE 1 of a second embodiment 
of a sample container of a centrifugal separation and 

30 processing apparatus implemented in accordance with 
the teachings of the present invention. 
[0030] FIGURES 12-18 are schematic and sectional 
views similar to the views of FIGURES 2-10 illustrating 
specific steps of a separation and extraction process 

35 when employing the second embodiment shown in FIG- 
URE 11. 

[0031] FIGURE 19 is a schematic and sectional view 
of a third embodiment or a prototype embodiment of a 
sample container of a centrifugal separation and 
40 processing apparatus implemented in accordance with 
the teachings of the present invention. 
[0032] FIGURE 20 is a perspective and exploded 
view of a component of the third embodiment shown in 
FIGURE 19. 

45 [0033] FIGURE 21 is a schematic and partly broken- 
away view of a centrifugal separation and processing 
apparatus in which the sample container is received for 
performing the separation and extraction process in a 
automatized or semi-automatized manner. 

50 [0034] FIGURES 22a-22c are schematic and section- 
al views of a mechanism for arresting and fixating the 
sample container relative to the centrifuge separation 
and processing apparatus, illustrating three steps of the 
arresting and fixating process. 

55 [0035] FIGURES 22d and 22e are schematic and sec- 
tional views of a lid component of the sample container 
communicating with optical detectors implemented in 
accordance with two alternative optical detector princi- 
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pals. 

[0036] FIGURE 23 is a diagrammatic view illustrating 
the dependency between the gravitational force at the 
inner and outer walls of the phase separation chamber 
of the sample container and the rotational speed of the 5 
sample container. 

[0037] FIGURE 24 is a diagrammatic view illustrating 
the yield percentage of a specific blood sample when 
separating the blood sample by means of the sample 
container according to the present invention in depend- 
ency of the time of performing the separation process 
further illustrating two specific yield curves correspond- 
ing to the yield of plasma of high and low blood platelets 
content, respectively. 

[0038] FIGURE 25 is a diagrammatic view illustrating 
the dependency between the volume of a blood sample 
to be separated by means of the sample container of a 
centrifuge separation and processing apparatus ac- 
cording to the present invention and the time of perform- 
ing the separation process. 

Detailed Description Of The Drawings 

[0039] In FIGURE 1 , a first embodiment of a sample 
container implemented in accordance with the teach- 
ings of the present invention is shown designated the 
reference numeral 1 0 in its entirety. The sample contain- 
er 1 0 constitutes a unitary structure to be used in a cen- 
trifugal separation and processing apparatus to be de- 
scribed below. Although the invention herein is de- 
scribed throughout in terms of blood separation , pref- 
erably for the preparation of components suitable for a 
fibrin glue, it should be appreciated that the devices, ap- 
parati and methods herein can be employed with any 
liquid separation application. The present invention is 
particularly suited for the separation of a blood sample 
into blood cells and plasma and for preparing a Fibrin 
extract from the plasma, e.g. in accordance with the 
technique described in international patent application, 
application No. PCT/DK87/00117, publication No. WO 
88/02259, and European Application No. EP 592,242 
entitled FIBRIN SEALANT COMPOSITIONS AND 
METHODS FOR UTILIZING SAME filed October 18, 
1993. 

[0040] In EP 592,242 methods and compositions for 
a completely novel fibrin glue are disclosed. Generally, 
EP 592,242 discloses a method of forming a fibrin seal- 
ant comprising contacting a desired site with a compo- 
sition containing fibrin monomers and converting this 
monomer to a fibrin polymer concurrently with the con- 
tacting step, thereby forming the sealant at the desired 
site. The term fibrin is understood to include fibrin I, fibrin 
II and des BB fibrin. EP 592,242 further discloses a 
method of forming a fibrin monomer composition com- 
prising the steps of: 

a) contacting a composition containing fibrinogen 
with a thrombin-like enzyme to form a non- 



crosslinked fibrin polymer; 

b) separating the non-crosslinked fibrin polymer 
from the fibrinogen composition, and 

c) solubilizing the non-crosslinked fibrin polymer to 
provide a composition containing fibrin monomer. 

[0041] The thrombin-like enzyme can be thrombin it- 
self or can be another enzyme with similar activity, e.g., 
Ancrod, Acutin, Venzyme, Asperase, Botropase, Crota- 
lase, Flavoxobin, Gabonase, or Batroxobin, with Batrox- 
obin being preferred. 

[0042] In accordance with a preferred embodiment of 
the present invention, the earlier-disclosed fibrin mono- 
mer preparation can be carried out in a rapid, efficient 
and safe manner in a unitary two-(or more) chamber de- 
vice. The present device provides for such fibrin mono- 
mer preparation in less than 30 minutes and is especial- 
ly useful in single donor or preferably autologous fibrin 
sealant preparations. The single donor or autologous fi- 
brin monomer composition can be co-administered with 
an alkaline buffer or distilled water preferably including 
a source of calcium ions. 

[0043] The sample container 1 0 comprises a housing 
12 composed of a cylindrical wall component 14, a top 
wall component 16 and a bottom wall component 18. 
The top wall component 1 6 is provided with a central 
through-going aperture 20 in which a piston component 
22 extends and seals relative to the central through-go- 
ing aperture 20 of the top wall component typically by 
means of an O-ring sealing 24. 
[0044] The wall components 14, 16 and 18 are joined 
together after the piston component 22 is received with- 
in the central through-going aperture 20 of the top wall 
component 16, by any convenient means, e.g. by 
means of meshing threads or by gluing the wall compo- 
nents together. Thus, the cylindrical wall component 14 
and the bottom wall component 18 may constitute an 
integral structure which is connected e.g. by glue or by 
means of meshing threads to the top wall component 
16. Alternatively, the top wall component 16 and the cy- 
lindrical wall component may constitute an integral 
structure which is connected to a separate bottom wall 
component. Further alternatively, the wall components 
14, 16and18 may constitute three separate compo- 
nents which are joined together by means of meshing 
threads or in any other appropriate matter, e.g. by gluing 
or welding the wall components together. 
[0045] As can be seen the inner cylindrical wall 26 and 
the outer cylindrical wall 14 define the annular chamber 
in which centrifugation takes place. The radii of these 
walls from the longitudinal axis of the container 10 are 
chosen so that at the desired speeds of rotation a suffi- 
cient G-force is created to maintain concentric separa- 
tion of the liquid components. Of course, this will vary 
depending upon the liquid and the desired speeds. For 
separating blood, for example, a G-force of about 400 
to about 1000 G should be maintained using the present 
apparatus. This provides that for speeds of about 
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5.000-1 0,000 RPM, preferably about 5,000 RPM, the ra- 
dius of the inner cylindrical wall 26 is typically at least 
about 1 .0 to about 1 .5 cm depending upon the speed 
and blood sample. The radius of the outer cylindrical 
wall can vary accordingly depending upon the sample 
size to be accommodated. Outer radii of about 2.0 to 
about 3.5 cm and above are suitable for separating 
blood components in the 5,000 - 10,000 RPM range. 
Preferably the ratio of inner wall radius r { to outer wall 
radius r 0 is from about 0.3:1 to about 0.8:1 and most 
preferably about 0.5:1. 

[0046] The piston component 22 comprises a cylindri- 
cal wall component 26 which seals against the above 
mentioned O-ring sealing 24. The cylindrical wall com- 
ponent 26 is integrally connected to a circular plate com- 
ponent 28, which is sealed relative to the inner surface 
of the cylindrical wall component 14 by means of an CD- 
ring sealing 30. The O-ring sealings 24 and 30 allow that 
the piston component 22 may be raised and lowered rel- 
ative to the housing 12 for varying the inner chambers 
defined within the sample container 10 as will be ex- 
plained in greater detail below and for sealing the inner 
chambers relative to one another and relative to the en- 
vironment. 

[0047] The piston component 22 basically can define 
one, two or three chambers within the housing 1 2 of the 
sample container 10, vis a-vis first chamber 32 which is 
of a basically annular configuration defined between the 
cylindrical wall components 14 and 26, an optional sec- 
ond chamber defined between the bottom wall compo- 
nent 1 8 and the circular plate component 28, and an op- 
tional third chamber 36 defined within the cylindrical wall 
component 26 of the piston body 22. 
[0048] From the inner surface of the bottom wall com- 
ponent 18, an optional protrusion 38 constituted by one 
or more separate cam elements or a circular protrusion 
extends upwardly so that the inner volume of the second 
chamber 34 is not reduced to zero. Within the second 
chamber 34 may be included a desired first chemical or 
biochemical agent 40 in any form which can be used to 
treat or interact with a liquid component separated in the 
first chamber 32 and extracted into the second chamber 
34. 

[0049] The piston component 22 can optionally be fur- 
ther provided with an annular lid component 42 which 
serves the purpose of receiving and supporting an op- 
tional syringe 44. The syringe 44 can basically be a con- 
ventional disposable syringe comprising a cylindrical 
housing 46. The syringe 44 as described below in this 
preferred embodiment is useful for introducing a desired 
second chemical or biochemical agent or solution into 
said second chamber 34. Alternatively, the syringe 44 
may be substituted by an ampulla or a syringe of a 
somewhat different structure and configuration for com- 
plying with specific requirements such as requirements 
relating to mechanical compatibility relative to a dis- 
penser or syringe assembly in which the ampulla or the 
syringe is to be used. At the uppermost end of the cy- 



lindrical housing 48, an outwardly protruding annular 
flange 48 is provided and at the lowermost end of the 
cylindrical housing 46 a conical end tube 50 is provided 
which is connected to the cylindrical outer wall of the 

5 cylindrical housing 46 through a bottom wall 52 of the 
cylindrical housing 46. Within the cylindrical housing 46, 
a plunger body 54 is received. 
[0050] The conical end tube 50 can be received within 
a conical adaptor 56 which communicates at its lower 

10 end with a tubing 58. The tubing 58 can be of a substan- 
tial length as illustrated by the signature of the tubing 58 
allowing that the syringe 44 may be removed from the 
interior of the third chamber 36 without disconnecting 
the conical end tube 50 of the syringe 44 from the conical 

15 adaptor 56. The tubing 58 extends through a central 
bore of the circular plate component 28 into the second 
chamber 34 and communicates through a branch piece 
with a further tubing 60. The tubing 60 communicates 
with an inlet 62 provided at the uppermost end of the 

20 cylindrical wall component 26 of the piston component 
22 at which outlet a filter element 64 is provided. The 
tubing 60 constitutes an inlet tubing through which a 
second chemical or biochemical agent 88 shown in FIG- 
URE 2 is introduced into an inner space defined within 

25 the cylindrical housing 46 of the syringe 44 which inner 
space is defined below the plunger body 54 as the 
plunger body is raised from a position shown in FIGURE 
1 to the position shown in FIGURE 2. After the introduc- 
tion of the agent 88 into the inner space of the syringe 

30 44, the inlet 62 is preferably sealed by means of a seal- 
ing cap, not shown on the drawing. Alternatively, the in- 
let 62 may serve as a venting outlet for venting any ex- 
cess air of the tubing 58 and the tubing 60 into the at- 
mosphere in the process to be described below with ref- 

35 erence to FIGURES 2-10. 

[0051] The communication from the second chamber 
34 to the tubing 58 may include a microporous filter 
means 66 which is received within a recess provided in 
the circular plate component 28 at the lower side surface 

40 thereof. A desired biochemical or chemical agent can 
also be immobilized or adsorbed onto said filter means 
66 or elsewhere within said tubing 58 to treat a first liquid 
component which is separated in the first chamber 32 
and extracted therefrom. From the first chamber 32 

45 communication is established to the second chamber 
34 through a conduit 65 which is established extending 
through the cylindrical wall component 26 and the cir- 
cular plate component 28 of the piston component 22. 
It is to be realized that the conduit 65 is shown provided 

50 at a radial position within the outer surface of the cylin- 
drical wall component 26. The conduit 65 can optionally 
be provided elsewhere in the upper surface of the piston 
plate 28 within the first chamber 32 according to which 
liquid components are desired to be collected. The con- 

55 duit 65 is normally closed by means of a check valve 68 
which may comprise a sealing plug body 70 and a spring 
72 journalled on a supporting stem 73 and biasing the 
sealing plug body 70 toward a sealing or closing posi- 
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tion. Preferably, the check valve 68 is positioned as 
close as possible relatively to the longitudinal axis of the 
sample container 10. Thus, in an alternative or modified 
embodiment of the sample container 1 0, the check valve 
68 is enclosed within a separate sub-chamber posi- 
tioned within the third chamber 36 and separated from 
the third chamber 36 through a separate wall compo- 
nent and further communicating with the first chamber 
32 through a conduit extending through the cylindrical 
wall component 26 of the piston body 22. Alternatively, 
the check valve 68 may be housed within a separate 
recess provided within the circular plate component 28. 
The communication through the conduit 65 into the sec- 
ond chamber 34 is established through a further micro- 
porous filter element 74 similar to the microporous filter 
element 66 described above. The microporous filter el- 
ement 74 is received within the recess provided at the 
lower side surface of the circular plate component 28 of 
the piston component 22. 

[0052] The first chamber 32 further communicates 
with a supply tubing 76 through a bore 78 provided at 
the top wall component 1 6 of the housing 12. The supply 
tubing 76 can be at its outer end provided with an adap- 
tor for receiving a needle of a syringe (not shown in the 
drawings) containing a sample, preferably a blood sam- 
ple to be introduced into the first chamber 32 of the sam- 
ple container 10. 

[0053] The first chamber 32 preferably communicates 
with the environment through a venting tubing or conduit 
82 establishing communication from the interior of the 
first chamber 32 to a venting outlet 84 provided opposite 
to the outlet 62 discussed above. The communication 
from the first chamber 32 through the venting tubing or 
conduit 82 is generally established provided the piston 
component 22 is in the lowermost position as shown in 
FIGURE 1 as the inlet to the venting tubing or conduit 
82 is raised above the O-ring sealing 24 provided the 
piston component 22 is raised to a position as shown in, 
e.g., FIGURE 4. 

[0054] Alternatively, vent means can be provided at 
any convenient location with said container 10. 
[0055] The sample container 10 is as mentioned 
above preferably used for separating a blood sample in- 
to blood cells and plasma having a high content of plate- 
lets or alternatively a low content of platelets and further 
for extracting a blood constituent from the plasma as will 
be described below with reference to FIGURES 2-10. 
[0056] In FIGURE 2, a first step of a first process of 
separating a blood sample 86 into specific liquid com- 
ponents and of separating a blood constituent from one 
of the liquid components is shown. 
[0057] In FIGURE 2, a blood sample 86 is contained 
within the first chamber 32 and filling out a specific vol- 
ume of the first chamber 32 providing a residual air 
space 87 above the blood sample 86. In a preferred em- 
bodiment, the blood sample in the first chamber 32 is in 
the presence of an anticoagulant. Any anticoagulant can 
be employed, and suitable examples include heparin, 



EDTA, hirudin, citrate and other calcium chelators such 
as NTA, HEEDTA, EDDHA, EGTA, DTPA, DCTA, 
HEPES, HIMOA, etc. The blood sample 86 contained 
within the first chamber 32 is designated by the plurality 

5 of small circles. Above the blood sample 86, an air space 
87 is provided. In FIGURE 2, the plunger body 54 of the 
syringe 44 is raised and the redissolving buffer agent 
88, which can be, e.g., a redissolving buffer solution and 
which has preferably been introduced into the interior of 

10 the syringe 44 as described above through the tubing 
60, is confined within the interior of the syringe 44. The 
piston component 22 of the sample container 1 0 is in its 
lowermost position allowing that the first chamber 32 is 
vented through the venting tubing or conduit 82 as the 

15 blood sample 86 is introduced into the first chamber 32. 
The redissolving buffer 88 is designated by a plurality of 
small triangles. 

[0058] The redissolving buffer agent 88 can be any 
acid buffer solution preferably those having a pH be- 

20 tween 1 and 5. Suitable examples, include acetic acid, 
succinic acid, glucuronic acid, cysteic acid, crotonic ac- 
id, itaconic acid, glutonic acid, formic acid, aspartic acid, 
adipic acid and salts of any of these. Succinic acid, as- 
partic acid, adipic acid and salts of acetic acid, e.g., so- 

25 dium acetate are preferred. Also, the solubilization may 
also be carried out at a neutral pH by means of a chao- 
tropic agent. Suitable agents include urea, sodium bro- 
mide, guanidine hydrochloride, KCNS, potassium io- 
dide and potassium-bromide. Concentrations and vol- 

30 umes of such acid buffer or such chaotropic agent are 
as described in EP 592,242. 

[0059] In FIGURE 3, a second step of the first process 
is shown as the entire sample container 10 is rotated 
round the central longitudinal axis of the sample con- 

35 tainer 10. It is to be realized that the overall structure of 
the sample container 10 is of a basically symmetrical 
configuration as is evident from FIGURE 1. It is further 
to be realized that the blood sample contained within the 
first chamber 32 is exposed to a basically constant cen- 

40 trifugal force of the order of 500-1,000 G as the first 
chamber is of an overall annular configuration of a fairly 
small radial variation and as the sample container 10 is 
rotated at a rotational speed of approximately 5,500 
RPM. In FIGURE 3, the blood sample contained within 

45 the first chamber 32 is separated into two components, 
a liquid 90 containing blood cells and designated by the 
above described circles, and plasma 92 designated by 
a plurality of small squares. The liquid 90 containing 
blood cells is of a somewhat higher density than the 

so plasma 92 causing a separation due to the high rota- 
tional speed generated as the sample container 10 is 
rotating at a rotational speed of 5-10,000 rpm. 
[0060] As the sample container 10 is rotated at the 
above mentioned rotational speed, the check valve 68 

55 is opened as the sealing plug body 70 is forced radially 
outwardly. Although the check valve 68 opens, the liquid 
contained within the first chamber 32 does not flow 
through the conduit 65, as on the one hand the liquid 
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which is separated into the liquid 90 and the liquid 92 is 
forced radially outwardly towards the cylindrical wall 
component 14 and as on the other hand the conduit 65 
as pointed out above, is provided at a radial position 
within the cylindrical wall component 26. While the sam- 
ple container 10 is still rotating, the piston component 
22 is in a third step of the first process raised from the 
position shown in FIGURE 3 to the position shown in 
FIGURE 4 causing a transfer of liquid from the first 
chamber 32 to the second chamber 34. 
[0061] During the initial raising of the piston compo- 
nent 22, the air contained within the first chamber 32 is 
vented through the venting tubing or conduit 82. After 
the venting tubing or conduit 82 is raised above the Co- 
ring sealing 24 any excess air of the air space 87 above 
in FIGURE 2 of the first chamber 32 is transferred to the 
second chamber 34 as any columetric differences be- 
tween the first chamber 32 and the second chamber 34 
are equalized through the venting tubing 60 communi- 
cating with the second chamber 34 through the micro- 
porous filter 66. The plasma 92 shown in FIGURE 3 is 
also transferred from the first chamber 32 to the optional 
second chamber 34 through the conduit 65. In FIGURE 
4, the plasma transferred to the second chamber 34 is 
designated the reference numeral 94 and shown by 
squares as discussed above. As the volume of the sec- 
ond chamber 34 is increased, the optional chemical or 
biochemical agent 40 are also shifted from their posi- 
tions shown in FIGURES 2 and 3 to positions at the inner 
cylindrical surface of the enlarged second chamber 34. 
The agent 40, as discussed above, can be in any form, 
for example, an agent or enzyme can be adsorbed or 
immobilized onto a particulate substrate such as an en- 
zyme bound to agarose gel or other such particles. 
[0062] After a predetermined amount of plasma has 
been transferred from the first chamber 32 to the second 
chamber 34 or after substantial all plasma has been 
transferred from the first chamber to the second cham- 
ber 34, the raising of the piston component 22 is 
stopped. It is to be realized that the microporous filter 
element 74 prevents that any particles such as blood 
cells may be transferred from the first chamber 32 to the 
second chamber 34 in case the piston component 22 is 
raised above a position in which the plasma 92 has all 
been transferred from the first chamber 32 to the second 
chamber 34. It is further to be realized that the transfer 
of liquid from the first chamber 32 to the second cham- 
ber 34 and particular the state in which the plasma has 
been transferred and the first chamber 32 contains 
blood cells exclusively is easily detected by detecting 
the force which is employed for raising the piston com- 
ponent 22 as the force required for transferring the blood 
cells from the first chamber 32 to the second chamber 
34 through the microporous filter element 74 is far higher 
than the force required for raising the piston component 
22 causing the transfer of the plasma from the first 
chamber 32 to the second chamber 34. The transfer of 
all plasma from the first chamber 32 to the second cham- 



ber 34 is consequently easily detected as a radical in- 
crease in the force required for further displacing the pis- 
ton component 22. 

[0063] Thereupon, in a fourth step of the first process 
5 the rotation of the sample container 10 is stopped as 
shown in FIGURE 5. In FIGURE 5, the suspension of 
the agent 40 within the plasma 94 contained in the sec- 
ond chamber 34 is allowed to react for a predetermined 
period of time. For example, an enzyme, e.g., Batrox- 
obin, converts the fibrinogen from the plasma into fibrin 
monomer which almost instantaneously polymerizes in- 
to a non-crosslinked fibrin polymer typically in the form 
of a gel as is more clearly described in the aforemen- 
tioned EP 592,242. 

[0064] In a fifth and sixth step of the first process 
shown in FIGURES 6 and 7, respectively, the non- 
crosslinked fibrin polymer and the Batroxobin immobi- 
lized in Agarose gel particles 40 and designated by a 
plurality of small waves is separated from the plasma 
94 contained within the second chamber 34. The sec- 
ond chamber 34 may also contain an inner cylindrical 
wall so as to provide that the second chamber 34 is also 
annular. In FIGURE 6, the sample container 10 is in the 
fifth step of the first process rotated at a rotational speed 
causing a separation of a phase 96 containing the non- 
crosslinked fibrin polymer gel and the bodies 40 from 
the plasma 94. The rotational speed at which the sample 
container 1 0 is rotated in the fifth step of the first process 
can be any speed but is conveniently in this process is 
somewhat lower than the afore-used rotational speed at 
which the sample container 10 is rotated in the second 
step of the first process as described above with refer- 
ence to FIGURE 3, such as a rotational speed of ap- 
proximately 0.5 times the above rotational speed, i.e. a 
rotational speed of the order of 2,500 RPM - 3,000 RPM 
or lower. After the separation of the gel/partide phase 
96 from the plasma 94 contained within the second 
chamber 34, the piston component 22 is in the sixth step 
of the first process lowered causing a transfer of the 
plasma 94 from the second chamber 34 through the 
conduit 65 to the first chamber 32 as the check valve 68 
is opened. It is to be realized that the microporous filter 
element 74 prevents that any particles or larger bodies 
such as the agent particles 40 may be transferred from 
the second chamber 34 through the conduit 65 to the 
first chamber 32 as the microporous filter element 74 
simply blocks the transfer of particles or bodies. 
[0065] After the completion of the second centrifugal 
separation and second plasma transfer step, the second 
chamber 34 solely contains the liquid 96 including the 
non-crosslinked fibrin polymer and the agent particles 
40 as shown in FIGURE 7. Within the first chamber 32, 
a mixture 98 of liquid containing the blood cell and the 
plasma ret ransf erred from the second chamber 34 is 
contained as indicated by the combined symbols of cir- 
cles and squares. 

[0066] In FIGURE 7 the redissolving buffer 88 is in a 
seventh step of the first process added from the syringe 
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44 to the second chamber 34 by lowering the plunger 
body 52 of the syringe 44 and simultaneously raising the 
piston body 28 in order to provide a complete transfer 
of the redissolving buffer 88 from the syringe 44 to the 
second chamber 34 and preventing that the redissolving 
buffer 88 is forced into the branch piece of the tubing 58 
and further into the venting tubing 60. 
[0067] After a certain period of time during which the 
redissolving buffer 88 causes the dissolving of the nori- 
crosslinked fibrin polymer from the agent particles 40, 
forming a fibrin monomer-containing solution which is to 
be transferred to the syringe 44 in an eighth and ninth 
step shown in FIGURES 9 and 10, respectively. The 
separation of the fibrin monomer from the Batroxobin in 
a liquid 1 00 produced in the second chamber 34 through 
the action from the redissolving buffer 88 is simply car- 
ried out by any convenient separation process, e.g., 
through a filtering or preferably a centrifugal separation 
process or a combination thereof as shown in FIGURE 
9. The centrifugal separation process is carried out in 
FIGURE 9 through which the agent bodies 40 are sep- 
arated from the liquid 100 and collected at the inner side 
surface of the cylindrical wall component . 14 of the 
chamber 34 as the sample container 10 is rotated at a 
rotational speed which is normally smaller than the ro- 
tational speeds at which the sample container 10 is ro- 
tated in the separation steps illustrated in FIGURES 3, 
4 and 6 as the check valve 58 is not caused to open for 
providing access through the conduit 65 from the sec- 
ond chamber 64 to the first chamber 32. In FIGURE 9, 
the liquid 98 contained within the first chamber 32 is 
clearly not exposed to a high gravitational field as the 
liquid is not on the one hand caused to be separated 
into liquid components of different densities and on the 
other hand not shifted from the position also shown in 
FIGURE 8 in which the liquid surface is horizontal. 
[0068] After the separation of the agent particles 40 
from the liquid 100 in a ninth step of the first process 
shown in FIGURE 1 0 as discussed above with reference 
to FIGURE 9, the liquid 100 is transferred from the sec- 
ond chamber 34 of the sample container 10 to the sy- 
ringe 44 contained within the third chamber 36 of the 
sample container by simultaneously raising the plunger 
body 54 of the syringe 44 and lowering the piston body 
22. After the transfer of the fibrin monomer solution to 
the syringe 44 in the ninth step of the first process shown 
in FIGURE 10, the syringe 44 is removed from the sam- 
ple container 10 as a unitary structure integrally con- 
nected to the tubing 58 through the conical adaptor 56 
on which the conical end tube 50 of the syringe 44 is 
received, as the tubing 58 is of a substantial length as 
discussed above. Thereupon, the syringe 44 is discon- 
nected from the sample container 10 as the tubing 58 is 
cut by means of a heating tool simultaneously causing 
a sealing of the free end of the tubing 58 connected to 
the conical adaptor 56. Consequently, the conical adap- 
tor 56 serves the additional purpose of providing a seal- 
ing adaptor sealing the interior of the syringe 44 relative 



to the environment as the free end of the tubing con- 
nected to the conical adaptor 56 is sealed. After the re- 
moval and disconnection of the syringe 44 from the sam- 
ple container 10, the remaining part of the sample con- 
5 tainer 1 0 is disposed and destructed without spilling any 
liquid constituents from the sample container which con- 
stituents might expose the individual or individuals op- 
erating the centrifugal separation and processing appa- 
ratus on which the sample container 10 is processed to 
hazardous infection agents as bacteria or vira causing 
dangerous diseases such as hepatitis or acquired im- 
mune deficiency syndrome. 

[0069] As discussed above, this syringe 44 can be 
used to coadminister the so-produced fibrin polymer so- 
lution with appropriate alkaline buffer or distilled water, 
preferably with a source of calcium ions, to provide a 
fibrin sealant to a patient. 

[0070] The above described sample container 1 0 and 
the above described first process of separating a blood 
sample into specific liquid components and of separat- 
ing a blood constituent from one of the liquid compo- 
nents may be altered in numerous ways. First of all, the 
syringe 44 may be omitted as the third chamber 36 of 
the sample container 10 may constitute a chamber in 
which the rediffusion buffer is initially contained or sup- 
plied to in a step of the first process corresponding to 
the step shown in FIGURE 8 and into which the fibrin 
containing liquid 100 is later on transferred in a final 
process step similar to the step shown in FIGURE 10. 
[0071] The separation of the plasma in the step shown 
in FIGURE 6 through centrifugal separation may be sub- 
stituted by a simple filtering step in which the micropo- 
rous filter element 74 is simply used for retaining the 
agent bodies 40 to which the fibrin is linked within the 
second chamber 34 as the plasma is simply forced back 
into the first chamber 32. Similarly, the step of filtering 
the bodies 40 from the liquid 100 as shown in FIGURES 
9 and 10 through centrifugal separation may be substi- 
tuted by a simple filtering separation step in which the 
microporous filter element 66 is used for retaining the 
bodies 40 within the second chamber 34 as the redis- 
solving buffer including the fibrin is forced into the sy- 
ringe 44 or alternatively into the third chamber 36 of the 
sample container. 

[0072] In FIGURE 1 1 , a second embodiment of a sam- 
ple container implemented in accordance with the 
teachings of the present invention is shown designated 
the reference numeral 10' in its entirety. In FIGURE 11 
and the FIGURES 12-18 which illustrate specific steps 
of a second process of separating a blood sample into 
specific liquid components and of separating a blood 
constituent from one of the liquid components, when 
employing the sample container 1 0' in a second process 
very much similar to the process discussed above with 
reference to FIGURES 2-10 components or elements of 
the second embodiment of the sample container 10* 
which components or elements are identical to the com- 
ponents or elements described above with reference to 
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FIGURES 1-10 are designated the same reference nu- 
merals as used in FIGURE 1-10. The second embodi- 
ment 10' of the sample container basically differs from 
the above described first embodiment in that the piston 
body 22 of the first embodiment 10 is substituted by a 
piston body 22' of a slightly different configuration and 
structure. The piston body 22' comprises a cylindrical 
wall component 26' and a circular plate component 28'. 
It can also be seen that the cylindrical wall component 
26' is recessed slightly at and above the conduit 63' 
compared to the area of cylindrical wall 26' below the 
conduit 63'. The shoulder created herein helps keep 
blood cells out of the conduit 63' during the final stages 
of separation. Furthermore, the protrusion 38 shown in 
FIGURES 1-10 can be omitted as the chemical or bio- 
chemical agent, e.g., Batroxobin immobilized in 
Aqarose gel, is provided in a filtering container. 
[0073] Within the piston body 22' of the second em- 
bodiment 10', the syringe 44 is received within the third 
chamber 36 and communicates with the second cham- 
ber 34 of the sample container through a tubing 58' sim- 
ilar to the tubing 58 shown in FIGURE 1 , however, dif- 
fering from the tubing 58 discussed above in that the 
branch piece establishing connection from the tubing 58 
to the venting tubing 60 is omitted as the venting tubing 
60, the outlet 52 and the filter element of the outlet 52 
are omitted. The communication between the first 
chamber 32 and the second chamber 34 of the sample 
container 10' is also of a structure somewhat different 
from the structure discussed above with reference to 
FIGURE 1. The communication including check valves 
which, however, are caused to open through the gener- 
ation of a pressure difference and not a gravitational 
force as a clear distinction from the check valve 68 
shown in FIGURE 1 and discussed above. 
[0074] The communication between the first chamber 
32 and the second chamber 34 of the sample container 
10' includes two conduits. The first conduit includes two 
conduit segments 63' and 65' and a first check valve 68 
interconnecting the conduit segments 63* and 65' and 
implemented as a ball check valve including a ball 70* 
and allowing the transfer of liquid from the second cham- 
ber 34 to the first chamber 32 and preventing the trans- 
fer of liquid from the first chamber 32 to the second 
chamber 34 through the first conduit. The second con- 
duit includes two conduit segments 63" and 65" and a 
check valve 68" implemented as a ball check valve in- 
cluding a ball 70" and further a container 69 in which an 
agent, e.g., Batroxobin is supported on a filter 66". It is 
to be realized that the inlet of the second conduit from 
the first container 32 is recessed relative to the outlet of 
the first conduit 63' provided an annular chamber of 
somewhat reduced volume communicating with the 
second conduit exclusively further improving the accu- 
racy of separating the plasma from the blood sample 
which is introduced into the sample container 10' as will 
be described below with reference to FIGURES 12-18. 
The second check valve 68" allows the transfer of liquid 



from the first chamber 32 to the second chamber 34 and 
prevents retransfer of liquid from the second chamber 
34 to the third chamber 32 through the container 69. The 
communication to and from the first chamber 32 through 
5 the first conduit comprising the conduit segments 63' 
and 65' through the second conduit comprising the con- 
duit segments 63" and 65" is established through a sin- 
gle microporous filter element 66 which is received with- 
in a central recess provided in the circular plate compo- 
10 nent 28' at the lowest side surface thereof. 

[0075] The second embodiment 10' of the sample 
container is like the above described first embodiment 
10 of the sample container preferably used for separat- 
ing a blood sample into blood cells and plasma and fur- 
's ther for extracting a blood constituent from the plasma 
as will be described below with reference to FIGURES 
12-18. 

[0076] In FIGURE 12, a first step similar to the first 
step described above with reference to FIGURE 2 of a 

20 second process of separating the blood sample 86 into 
specific liquid components and of separating a blood 
constituent from one of the liquid components is shown. 
[0077] In FIGURE 13, a second step of the second 
process similar to the second step discussed above with 

25 reference to FIGURE 3 is shown in which second step 
the plasma 92 is separated from the liquid 90 containing 
blood cells. 

[0078] In FIGURE 1 4, a third step of the second proc- 
ess similar to the third step discussed above with refer- 

30 ence to FIGURE 4 is shown in which third step the plas- 
ma 92 is transferred from the first chamber 32 to the 
second chamber 34 through the second conduit com- 
prising the conduit segments 65** and 63" and further the 
check valve 68" and the container 69. As the plasma 

35 which is transferred from the first chamber 32 to the sec- 
ond chamber 34 is contacted with the Batroxobin con- 
tained within the container 69, the plasma contained 
within the second chamber 34 contains Batroxobin 
causing the conversion of fibrinogen from the plasma 

<o into fibrin monomer which immediately polymerizes into 
a non-crosslinked fibrin polymer gel. The transfer of the 
plasma from the first chamber 32 to the second chamber 
34 has to be performed at a fairly low speed in order to 
allow the plasma to react with the Batroxobin contained 

45 within the container 69. It should be understood that the 
speed with which this transfer is made should corre- 
spond to the time necessary for the batroxobin or other 
chemical agent to react with or treat the fibrinogen within 
the plasma. 

so [0079] After the transfer of the plasma 94 to the sec- 
ond chamber 34, and optionally after a specific reaction 
period in which linking of fibrin gel is formed the sample 
container 10' may be rotated or may be stopped, the 
fibrin gel is separated from the remaining plasma liquid 

55 94 and agent bodies 40 and in a fourth and fifth step of 
the second process shown in FIGURES 15 and 16, re- 
spectively, corresponding to the fifth and sixth step, re- 
spectively, of the second process discussed above with 
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reference to FIGURES 6 and 7, respectively. The plas- 
ma 94 contained within the second chamber 34 of the 
sample container 10" is transferred from the second 
chamber 34 to the first chamber 32 through the first con- 
duit comprising the conduit segments 63' and 65' and 
the check valve 68* whereas the check valve 68" pre- 
vents that the plasma 94 is transferred through the sec- 
ond conduit. 

[0080] In FIGURE 1 7, a sixth step of the second proc- 
ess is shown in which step the redissolving buffer 88 is 
transferred to the fibrin containing liquid 100 by simply 
expelling the redissolving buffer 88 from the syringe 44 
in a manner similar to the step discussed above with 
reference to FIGURE 8. 

[0081] The second process of separating the blood 
sample into specific liquid components and of separat- 
ing a blood constituent, the fibrin of the blood sample 
from one of the liquid components when employing the 
sample container 10' is finalized in a seventh step of the 
second process shown in FIGURE 18 and correspond- 
ing to the ninth step shown in FIGURE 1 0 by transferring 
the fibrin-containing liquid 1 00 from the second chamber 
34 of the sample container 10' to the syringe 44 con- 
tained within the third chamber 36 of the sample con- 
tainer by simultaneously raising the plunger body 54 of 
the syringe 44 and lowering the piston body 22'. Alter- 
natively, the transfer of the liquid 100 from the second 
chamber 34 of the sample container 10' to the syringe 
44 may be controlled by detecting the force which is 
used for moving the circular plate component 28* rela- 
tively to the housing 12 of the sample container 10' as 
described above with reference to the first embodiment 
of the sample container implemented in accordance 
with the teachings of the present invention. 
[0082] Like the first process described above with ref- 
erence to FIGURES 2-10 and the first embodiment of 
the sample container described above with reference to 
FIGURE 1 , the second process described above with 
reference to FIGURES 12-18 and the second embodi- 
ment of the sample container described above with ref- 
erence to FIGURE 11 may be altered and modified in 
numerous ways, e.g. as discussed above. It is further to 
be realized that the first and second embodiments 10 
and 10* described above with reference to FIGURES 
1-10 and 11-18, respectively, may further be modified 
by simply turning the sample containers upside down in 
which case the second chamber 34 is positioned above 
the first chamber 32 and above the third chamber 36. 
[0083] In FIGURE 19, a third embodiment of the sam- 
ple container is shown constituted by a prototype em- 
bodiment. The third embodiment of the sample contain- 
er is designated the reference numeral 10" in its entirety. 
The sample container 1 0" is of a structure basically iden- 
tical to the structure of the first and second embodiments 
10 and 10' described above with reference to FIGURE 
1 and 11, respectively. In FIGURE 19, components and 
elements which are identical to components and ele- 
ments described above with reference to FIGURE 1 and 



1 1 are designated the same reference numerals as used 
in FIGURES 1 or 11 . The housing 12 of the third embod- 
iment 1 0" differs from the housing 1 2 of the first and sec- 
ond embodiments 10 and 10\ respectively, in that the 

5 top wall component 16" of the third embodiment com- 
prises a skirt part 17" which circumferentially encloses 
the circumferential wall component 14 establishing a 
sealed connection to the outer side surface of the cylin- 
drical wall component 14. Through the top wall compo- 

10 nent 1 6", the bore 78 extends together with an additional 
conduit or bore 82" which constitutes a venting conduit 
similar to the conduit 82' described above with reference 
to FIGURE 11 and communicating with a venting outlet 
84" similar to the venting outlet 84' shown in FIGURE 

15 11. Alternatively, the venting outlet 84" may be closed 
by means of a closure or sealing cap, not shown on the 
drawings. Within the interior of the housing 12, a piston 
component 22" serving the same purposes as the piston 
components 22 and 22' described above with reference 

20 to FIGURES 1 and 11, respectively, is received. and 
sealed relative to the top wall component 16 through the 
O-ring sealing 24 which seals against the peripheral out- 
er wall of a cylindrical wall component 26" of the piston 
component 22". The cylindrical wall component 26" con- 

25 stitute a length of a tube which is provided with outer 
threads at opposite ends for establishing connection to 
a top flange component serving the purpose of support- 
ing the flange 48 of the syringe 44 which top flange com- 
ponent is not shown in the drawings and of meshing with 

30 interior threads of a cylindrical connection piece which 
is integrally connected to a circular plate component 28" 
similar to the circular plate components 28 and 28' de- 
scribed above with reference to FIGURES 1 and 11 . The 
junction between the cylindrical connection piece 29 

35 and the cylindrical wall component 26 is sealed by 
means of an O-ring sealing 31 . 
[0084] Below the lower side surface of the circular 
plate component 28", a microporous filter element 66" 
is arranged constituted by, for example, a piece of con- 

40 ventional cheese cloth, preferably supported on a mi- 
croporous filter constituting a composite filter structure. 
The microporous filter element 66" fulfills the same pur- 
pose as the microporous filter element 66' shown in FIG- 
URE 11. Through the cylindrical wall component 26", 

45 two symmetrically arranged bores 27 extend establish- 
ing communication from the chamber 32 circumferen- 
tially encircling the cylindrical wall component 26" to the 
interior of the piston component 22". 
[0085] At the lower end of the piston component 22", 

so an assembly comprising a set of annular elements and 
a tubular element is supported within the interior of the 
piston body 22". This annular assembly, shown here 
within the piston shaft but able to be located anywhere 
within this or another centrifuge device, serves the pur- 

55 pose of filtering/chemically treating the liquid compo- 
nent separated in the first chamber 32. Generally, in an- 
nular concentric arrangement, this assembly comprises 
an outermost annular support in body 108, and two an- 
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nular filters spaced inwardly of the body 108 such that 
these open annular areas are defined 

1) inward of the body 108; 

2) inward of the first filter; and, 

3) inward of the second filter. 

More particularly, the assembly comprises a central 
component 102 which is integrally connected to a tubu- 
lar element 103 which is provided with outer threads at 
the upper end thereof which meshes with similar internal 
threads of a fitting 56" which serves the same purpose 
as the conical adaptor 56 discussed above with refer- 
ence to FIGURE 1 , vis-a-vis the purpose of receiving 
and establishing connection to the syringe 44. 
[0086] The tubular component 1 03 is provided with a 
through-going bore 105 and further a transversal 
through-going bore 104 which is arranged in registration 
with the through-going bore 27 of the cylindrical wall 
component 26". The component 102 is fixated and 
sealed relative to the circular plate component 28" by 
means of two O-rings 1 06 and 1 07. The component 1 02 
further serves the purpose of supporting an annular sup- 
porting body 108 which is circumferentially sealed rela- 
tive to the inner cylindrical surface of the cylindrical wall 
component 26" by means of an O-ring 109. The sup- 
porting annular component 108 supports a set of annu- 
lar filtering elements 1 1 0 and 1 1 2 which together define 
an annular space therebetween. The annular filtering el- 
ements 110 and 112 are, as is evident from FIGURE 19, 
arranged in registration with the through-going bores 27 
and 104 of the cylindrical wall component 26" and the 
tubular element 103, respectively. The annular filtering 
elements 110 and 112 are further supported by an ad- 
ditional supporting component 114 which is provided 
with a circumferential outer O-ring sealing 115 and 
which is of a configuration similar to the configuration of 
the supporting annular component 108. On top of the 
annular supporting component 114, a spacer element 
116 is provided, which spacer element is provided with 
internal threads meshing with the outer threads of the 
tubular element 103. 

[0087] The assembly described above with reference 
to FIGURE 19 is shown in exploded view in FIGURE 20. 
[0088] The third embodiment of the sample container 
10" shown in FIGURES 19 and 20 is operated in a proc- 
ess similar to the processes described above with ref- 
erence to FIGURES 2-10 and 12-13 for separating a 
blood sample into specific liquid components and for 
separating a blood constituent from one of the liquid 
components. The blood sample is as discussed above 
introduced into the first chamber 32 and separated into 
a liquid containing blood cells and plasma through ro- 
tating the entire sample container 10" round the longi- 
tudinal axis thereof at a high rotational speed providing 
centrifugal separation of the higher density blood cells 
from the plasma. The plasma is transferred from the first 
chamber 32 to the second chamber 34 by raising the 



piston component 22" while the sample container is ro- 
tated at the high rotational speed causing an initial vent- 
ing of excess air through the venting outlet 84" and a 
transfer of the plasma to the second chamber 34 
5 through the through-<joing bores 27 and 104 of the cy- 
lindrical wall component 26" and the tubular element 
1 03, respectively, and the filtering elements 1 1 0 and 1 1 2 
positioned between the through-going bores 27 and 104 
and further through the central through-going bore 105 
of the tubular element 1 03 to the microporous filter ele- 
ment 66". The Batroxobin immobilized in the Agarose 
gels may be enclosed within the space defined between 
the annular filtering elements 110-112 which conse- 
quently constitute a structure having a function similar 
to the container 69 discussed above with reference to 
FIGURE 11 or alternatively be enclosed within the sec- 
ond chamber 34 and supported on carrier Agarose bod- 
ies similar to the agent particles 40 described above with 
reference to FIGURES 2-10. After the extraction of Fi- 
brin from the plasma, conversion of Fibrin into Fibrin 1, 
and linking of Fibrin 1 to Batroxobin, the plasma may be 
retransferred to the first chamber 32 in accordance with 
the first process described above with reference to FIG- 
URES 2-1 0 or alternatively be transferred to the syringe 
44 through the activation of the plunger 54 causing the 
plasma to be forced into the interior of the syringe 44. 
[0089] In FIGURE 21 , an apparatus for receiving the 
sample container implemented in accordance with the 
teachings of the present invention and performing the 
process of separating the blood sample into specific liq- 
uid components and of separating a blood constituent 
from one of the liquid components in an automatized or 
semi-automatized manner is disclosed and designated 
the reference numeral 120 in its entirety. The apparatus 
comprises a housing 122 which is basically divided into 
three compartments, an upper compartment 1 26, a cen- 
tral compartment 126 and a lower compartment 128. 
The compartment 126 is preferably thermostatically 
controlled to a specific temperature and access to the 
interior of the compartment 1 26 for positioning the sam- 
ple container 10 within the compartment and for remov- 
ing the sample container and the syringe 44 from the 
compartment 1 26 is obtained through an openable shut- 
ter or door 127. 

[0090] Within the central compartment 1 26, the sam- 
ple container 10 is received and supported on a rotata- 
ble turntable 130 which is journalled on a joumalling 
shaft 1 32 which constitutes an output shaft of a motor 
134 which is housed within the lower compartment 128. 
The motor 134, consequently, constitutes a means for 
generating the high rotational speed at which the sam- 
ple container 1 0 is rotated in specific steps of the above 
described process of separating a blood sample into 
specific liquid components and of separating a blood 
constituent from one of the liquid components. 
[0091] In the upper compartment 144, two motors 1 36 
and 138 are arranged cooperating with vertically recip- 
rocating actuator levers 140 and 142, respectively, co- 
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operating with the plunger body 54 of the syringe 44 and 
the annular lid component 42 of the piston body compo- 
nent 22, respectively. 

[0092] The apparatus 120 further includes a control 
section 146 of the housing 122 including an electronic 5 
circuitry, preferably a microprocessor controlled elec- 
tronic circuitry which is operated by means of keys 148 
for initiating an controlling the operation of the apparatus 
120 for performing the above described process. The 
section 146 is further provided with a display 150 on 10 
which the actual process step and any relevant informa- 
tion sucH as the duration of the process, the temperature 
of the second compartment 126 of the housing 122 is 
presented to an operator. The section 146 is preferably 
further provided with interface means for interfacing the *5 
apparatus with an external computer such as a personal 
computer and provided with detector means for detect- 
ing the overall operation of the apparatus including the 
transfer of liquid from one of the above described cham- 
bers. The detection of liquid transfer may be based on 20 
optical detection of conductivity detection involving the 
detection of constant or varying electric or magnetic 
fields. The detection of liquid transfer from the first 
chamber of the sample container to the second chamber 
of the sample container, from the second chamber of 25 
the sample container to the third chamber of the sample 
container and from the second chamber of the sample 
container to the first chamber of the sample container 
may alternatively be based on detection of the force 
transmitted to the piston component as the force applied 30 
to the piston component increases radically as the filter 
elements through which the liquid is to be transferred 
are blocked by blood cells or other larger bodies such 
as the Agarose gel bodies. The above described em- 
bodiments of the sample container constituting a sepa- 35 
ration component in which a blood sample is separated 
into blood cells and plasma which is further processed 
for the provision of a Fibrin extract constitutes a compo- 
nent in which a blood sample provided from a patient is 
simple introduced into a first chamber of the sample con- <o 
tainer in which the entire separation and processing op- 
erations are carried out without the necessity of human 
contact with the blood sample or constituent thereof 
eliminating to any substantial extent the risk of exposing 
laboratory personnel or operators to infectious agents 45 
from the blood sample which agents may cause diseas- 
es such as hepatitis or acquired immune deficiency syn- 
drome. The Fibrin extract which is produced in accord- 
ance with the teachings of the present invention as de- 
scribed above is contained within a syringe which is 50 
preferably used in a syringe dispenser of the type de- 
scribed in international patent application, application 
No. PCT/DK92/00287, international publication No. 
WO93/06940, in which applicator the fibrin monomer 
containing liquid contained within the syringe 44 is neu- 55 
tralized through the mixture with a neutralizing agent. 
The process of separating plasma from a blood sample 
and of extracting or separating Fibrin from the plasma 



may e.g. be carried out in accordance with the tech- 
niques described in the above mentioned international 
patent application, application No. PCT/DK87/00117, 
publication No. WO88/02259 or EP 592,242. 
[0093] The sample container 10 which is supported 
on the turntable 130 may preferably be arrested and fix- 
ated relative to the turntable 130 by means of arresting 
or locking components which are shown in greater de- 
tails in FIGURES 22a, 22b and 22c. The locking com- 
ponents are constituted by a downwardly protruding, cir- 
cumferential rim part extension 160 of the cylindrical 
wall component 1 4 of the housing 1 2 of the sample con- 
tainer 10. The rim part extension 160 is provided with 
angularly spaced apart bores e.g. 900 or 1200 spaced 
apart bores one of which is shown in FIGURES 22a-22c 
and designated the reference numeral 162. The down- 
wardly protruding, circumferential rim part extension 
160 is adapted to be received within a circumferential 
groove provided in the top surface of the turntable 130. 
Within a radial bore extending from the outer circumfer- 
ential rim surface of the turntable 130, two locking pins 
166 and 170 are received. The pins 166 and 170 are 
biased by means of springs 168 and 172, respectively, 
towards one another and are provided with blunt, coni- 
cal end parts 167 and 171 , respectively, which are con- 
tacted with one another at the center of the circumfer- 
ential groove provided in the top surface of the turntable 
130 unless the pins' are moved apart as shown in FIG- 
URE 22a, as a lower end part 1 64 of the circumferential, 
downwardly protruding rim part extension 160 is forced 
downwardly between the pins 166 and 170 causing the 
pins to be separated from one another. The pins 166 
and 1 70 and the springs 1 68 and 1 72 are arrested within 
the radial bore of the turntable by means of a sealing 
plug 174 which is locked in position relative to the cir- 
cumferential outer rim surface of the turntable 130 by 
means of meshing threads, or any another appropriate 
locking structure. 

[0094] In FIGURE 22a, a first step of positioning the 
sample container 10 relative to the turntable 130 is 
shown in which step the pins 166 and 170, as described 
above, are forced apart as the lower end part 1 64 forces 
the pins 166 and 170 apart allowing that the lower end 
part 164 may pass downwardly relative to the pins 166 
and 170. 

[0095] In FIGURE 22b, a second step of arresting the 
sample container 110 relative to the turntable 130 is 
shown in which step the pins 166 and 170 are forced 
into contact with one another within the through-going 
bore 162 of the downwardly protruding rim part exten- 
sion 160 of the cylindrical wall component 14 of the 
housing 12. However, the sample container may still be 
removed from the position shown in FIGURE 2b by sim- 
ply raising the sample container causing the pins 166 
and 170 to be separated from one another as shown in 
FIGURE 22a. 

[0096] The mounting and removal of the sample con- 
tainer relative to the turntable 130 as shown in FIG- 
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URES 22a and 22b are accomplished while the turnta- 
ble 130 is stationary. As the turntable 130 starts rotating 
propelled by the motor 134 of the apparatus shown in 
FIGURE 21, the pins 166 and 170 are acted upon by a 
centrifugal force which causes the pins 166 and 170 to 
be shifted towards a radial offset position shown in FIG- 
URE 22c, in which the pin 166 locks within the bore 162 
of the rim part extension 160 preventing the housing 12 
from being disconnected from the turntable 130 while 
the turntable and consequently the sample container 
are rotated at the high and low rotational speeds during 
the process described above with reference to FIG- 
URES 1-18. 

[0097] In FIGURES 22d and 22e, two alternative em- 
bodiments of optical detector means for detecting the 
transfer of liquid from the first chamber of the sample 
container to the second chamber of the sample contain- 
er are shown. In FIGURES 22d and 22e, the top wall 
component 16 of the sample container is of a conical 
configuration connected to an annular wall component 
within which the cylindrical wall component 26 of the pis- 
ton component 22 is received and sealed by means of 
the O-ring 24. The annular wall component 1 7 is like the 
cylindrical wall component 26 of the piston component 
22 preferably made from a light transparent material al- 
lowing the transmission of light through the wall compo- 
nents. In FIGURE 22d, the transfer of liquid from the first 
chamber of the sample container is initiated and the 
plasma 92 is consequently forced into a narrow annular 
chamber defined between the outer surface of the wall 
component 26 of the piston component 22 and the inner 
surface of the wall component 17. As the transfer of 
plasma from the first chamber of the sample container 
proceeds, the liquid 90 containing blood cells is forced 
into the above described narrow annular chamber as the 
plasma 92 is transferred from the first chamber of the 
sample container. The presence of plasma or alterna- 
tively blood cells within the narrow annular chamber de- 
fined between the outer surface of the cylindrical wall 
component 26 of the piston component 22 and the inner 
surface of the annular wall component 17 is detected by 
means of optical detector means comprising a light gen- 
erator 180 and an optical detector 188. The light gener- 
ator 180 is positioned outside the annular wall compo- 
nent 17 and includes a lamp 184 which is connected 
through an electric wire 182 to the control section 146 
of the apparatus 120 shown in FIGURE 21. The lamp 
184 generates light which is focused by means of the 
focusing lens 186 providing a substantially parallel light 
beam 1 92 which is irradiated to the above described an- 
nular chamber and the liquid present within the annular 
chamber. Opposite to the light generator 180, an optical 
detector 1 88 is positioned which is connected to the con- 
trol section 146 of the apparatus 120 through an electric 
wire 190. The optical detector 188 receives the light 
transmitted from the lamp 184 and focused by means 
of the focusing lens 186 through the above described 
annular chamber. The light generated by means of the 



lamp 184 is optionally filtered for providing a substan- 
tially narrow light spectrum which exhibit high transmis- 
sion characteristics through plasma and low transmis- 
sion characteristics through blood cells in order to im- 
5 prove the detection of blood cells within the annular 
chamber. The light generator 180 and the optical detec- 
tor 188 may be supported within the second compart- 
ment 124 of the housing 122 described above with ref- 
erence to FIGURE 21 for irradiating light onto the above 
described annular chamber and for detecting light re- 
ceived from the annular chamber, respectively. 
[0098] In FIGURE 22d, the presence of blood cells 
within the annular chamber is detected in accordance 
with the light transmission detection technique. Alterna- 
tively, the presence of blood cells within the annular 
chamber shown in FIGURES 22d and 22e may be de- 
tected in accordance with the light reflection detection 
technique as shown in FIGURE 22e. 
[0099] In FIGURE 22e, the light generator 180 and the 
optical detector 188 are substituted by an integral light 
generator and optical detector 180' including a lamp 
1 84' similar to the lamp 1 84 shown in FIGURE 22d and 
an optical detector 188' similar to the optical detector 
188 also shown in FIGURE 22d. The lamp 184' and the 
optical detector 188' are connected to the electronic cir- 
cuitry of the apparatus 120 through electric wires 182' 
and 190', respectively. The lamp 184' generates a light 
beam 192' which is irradiated to the annular chamber 
defined between the outer surface of the cylindrical wall 
component 26 of the piston component 22 and the inner 
surface of the annular wall component 17. The wall com- 
ponent 1 7 is like the wall component 1 7 described above 
with reference to FIGURE 22d preferably made from a 
light transparent material whereas the cylindrical wall 
component 26 may be made from a non-transparent 
material, e.g., a light reflecting material. The light irradi- 
ated to the liquid present within the annular chamber is 
partly reflected as indicated by a light beam designated 
the reference number 1 94'. The presence of blood cells 
within the annular chamber is in accordance with the 
light reflection detecting technique. detected provided 
the light which is irradiated to the annular chamber is 
partly absorbed by the red blood cells. Thus, the light 
generated by the lamp 184' is preferably predominant 
green light which is reflected by the plasma 92 and ab- 
sorbed by the red blood cells of the liquid 90. On the 
basis of the shift of the detection signal generated by 
the optical detector 188', the presence of blood cells 
within the annular chamber is determined by the elec- 
tronic circuitry of the control section of the apparatus 
120. 

EXAMPLE 

[0100] A prototype embodiment of the sample con- 
tainer implemented as shown in FIGURES 19 and 20 
was made from the following components: 
[0101] The housing 12 of the sample container 
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10" was constituted by a cylindrical housing component 
of an inner diameter of 70 mm, outer diameter of 75 mm 
and a height of 80 mm. The bottom wall 18 of the hous- 
ing component 12 had a thickness of 2.5 mm. The hous- 
ing component 12 was cast from polymethylmethacr- 
ylate (PMMA). The lid component 17" was cast from 
POM and had an inner diameter of 75 mm, and outer 
diameter of 80 mm and an axial height of 13 mm. The 
piston component 22" was constituted by a circular plate 
component 28" of an outer diameter of 70 mm - 0. 1 mm, 
and a thickness of 7.4 mm. The sealing O-ring 30 was 
received within a groove of a height of 3.4 mm and a 
depth of 2.5 mm. The circular plate component 28" was 
also cast from PMMA. The cylindrical wall component 
26" was made from a 100 mm length of a PMMA tube 
of an inner diameter of 30 mm. The wall component 
26" was glued to the circular plate component 28". The 
body 102, the tube 103, the body 108, the body 114 and 
the body 116 were all made from PMMA. 
[0102] At a rotational speed of about 5,500 RPM the 
concentric separation of plasma and red blood cells can 
be seen (viewed from top of container as distinct con- 
centric rings) almost immediately, i.e., within the first 
minute. Over the next minute or two, the platelets can 
be seen leaving the plasma as is evidenced by the light- 
ening of the color of the plasma. For platelet-free plasma 
to be collected, the piston should not be raised until this 
complete separation has occurred. To collect plasma in- 
cluding platelets, the piston should be raised immedi- 
ately after red blood cell separation but before platelet 
migration. This is done by a continuous raising of the 
piston during the platelet separation process. In this way 
the early portion of the sample collected is high in plate- 
lets and the latter portion is low in platelets. Any desired 
portion of such a sample or the entire platelet containing 
sample can be utilized as desired. Also, as would be 
apparent to those skilled in the art, plasma samples with 
specific platelet contents or specific purities can be col- 
lected by varying the speed, time of collection, amount 
of collection, etc. 

[0103] In FIGURE 23, a diagram is shown illustrating 
the dependency between the gravitational force gener- 
ated within the first chamber 32 of the prototype embod- 
iment 10" shown in FIGURES 19 and 20 and described 
in the above example and the rotational speed at which 
the sample container is rotated. A curve A represents 
the gravitational force at the outer wall of the housing 
12, i.e. adjacent to the inner side of the wall component 
14, and a curve B represents the gravitational force at 
the outer side of the cylindrical wall component 26" of 
the piston component 22". It is evident from FIGURE 23, 
that the gravitational force generated within the annular 
first chamber 32 is represented by the area between the 
curves A and B and further that the gravitational force 
at the outer wall component 14 is approximately twice 
the gravitational force at the cylindrical wall component 
26". Thus, a gravitational force varying less than approx- 
imately 2 is generated within the annular first chamber 



32 as the sample container is rotated. 
[0104] In FIGURE 24, a diagram is shown represent- 
ing the dependency between the time of rotating the pro- 
totype embodiment of the sample container shown in 
5 FIGURES 1 9 and 20 and described in the above exam- 
ple at a rotational speed of approximately 5,500 RPM 
and the percentage of a blood sample of a volume of 90 
ml which has been separated into plasma and blood 
cells. In FIGURE 24, two curves C and D are shown rep- 
resenting the time of separation of the percentage of the 
blood sample for providing separation of plasma from 
the blood cells which plasma includes platelets as rep- 
resented by the curve C and further separating the plate- 
lets from the plasma as illustrated by the curve D. From 
FIGURE 24, it is evident that an almost complete sepa- 
ration of the blood sample into blood cells and plasma 
has been accomplished after approximately 1 .5 minutes 
or even after approximately 1 minute as the blood cells 
constitutes approximately 15% of the blood sample 
which part cannot be further separated. Provided the 
platelets are to be separated from the plasma, a com- 
plete separation of platelets free plasma is provided af- 
ter approximately 3 minutes. 

[0105] The separation of plasma including platelets 
from the blood sample is preferably as mentioned above 
accomplished in a continuous process in which the pis- 
ton body 22 of the first embodiment 1 0 or the piston body 
22' of the second embodiment 1 0' is raised continuously 
in order to continuously transfer the plasma from the first 
chamber 32 of the sample container to the second 
chamber 34 of the sample container while the sample 
container is rotated at the high rotational speed causing 
the separation of the blood sample into plasma and 
blood cells. The continuous raising of the piston body is 
easily controlled by detecting the transfer of plasma 
from the first chamber to the second chamber based on 
the above described optical detector techniques or al- 
ternatively the detection of the force transmitted to the 
piston component for raising the piston body. Provided 
the transfer of plasma from the first chamber to the sec- 
ond chamber is carried out after a complete separation 
of plasma from the blood sample has taken place, the 
plasma includes very few platelets and may even con- 
stitute platelet-free plasma provided the centrifugal sep- 
aration has been carried out for an extended period of 
time, i.e., about 3 minutes, as discussed above. 
[0106] On the basis of the data represented in FIG- 
URE 24, a curve E is illustrated in a diagram shown in 
FIGURE 25 illustrating the time required for accomplish- 
ing a complete separation of a blood sample of a specific 
volume in dependency of the time of rotating the above 
described prototype embodiment of the sample contain- 
er at the rotational speed of 5,500 RPM. From FIGURE 
25, it is evident that within 60 seconds, a 90 ml blood 
sample may be separated into blood cells and plasma 
including platelets. A blood sample volume of the order 
of 100 ml constitutes a maximum blood sample which 
may be separated by means of the sample container of 
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the above example as the blood sample fills out a ma- 
jority of the annular first chamber of the sample contain- 
er. Larger containers, as may be required, can easily be 
utilized within the scope of the teachings herein. 



Claims 

1. An apparatus for separating a liquid sample having 
phase portions of different densities into said phase io 
portions by centrifugal separation, comprising: 

a phase separation container, comprising: 

a housing having concentric inner and out- 15 
er cylindrical walls defining a longitudinal 
axis, a bottom wall, and a top wall, said out- 
er cylindrical wall, said inner cylindrical 
wail, said bottom wall and said top wall de- 
fining together an annular chamber for re- 20 
ceiving said liquid sample, 
a piston body constituting said bottom wall 
or top wall of said housing and being dis- 
placeable within said annular chamber 
from a first position in which a maximum 25 
interior volume is defined within said annu- 
lar chamber to a second position in which 
a minimum interior volume is defined within 
said annular chamber, and 
a drain conduit means communicating with 30 
said annular chamber, 
a liquid supply means for supplying said liq- 
uid sample to said annular chamber of said 
phase separation chamber as said piston 
body is in said first position, 35 
a motor means for rotating said phase sep- 
aration container round said longitudinal 
axis at a rotational speed causing a sepa- 
ration of said liquid sample into said phase 
portions, and *o 
an actuator means for displacing said pis- 
ton body within said annular chamber from 
said first position towards said second po- 
sition while said phase separation contain- 
er is rotated at said rotational speed so as 45 
to expel one of said phase portions from 
said annular chamber through said drain 
conduit means. 

2. The apparatus according to Claim 1, wherein said so 
drain conduit means is provided at or near said in- 
ner cylindrical wall such that said phase portion to 

be expelled from said annular chamber is the phase 
portion of lowest density. 

55 

3. The apparatus according to Claim 2, wherein said 
drain conduit means being constituted by a conduit 
extending through said bottom wall and being pro- 
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vided with a controllable valve which is controllable 
from a closed position to an open position for caus- 
ing said one of said phase portions to be expelled 
from said annular chamber. 

4. The apparatus according to Claim 2, wherein said 
conduit is provided at said outer cylindrical wall and 
said one of said phase portions to be expelled from 
said annular chamber is the phase portion of high- 
est density. 

5. The apparatus according to Claim 2, said controlla- 
ble valve being a check valve which is switchable 
from said closed position to said open position when 
exposed to a centrifugal force when said phase sep- 
aration container is rotated at said rotational speed. 

6. The apparatus according to Claim 1 , said drain con- 
duit means being constituted by a conduit extending 
through said top wall. 

7. The apparatus according to Claim 6, said conduit 
being provided at said inner cylindrical wall and said 
one of said phase portions to be expelled from said 
annular chamber being the phase portion of lowest 
density. 

8. The apparatus according to Claim 6, said conduit 
being provided at said outer cylindrical wall and said 
one of said phase portions to be expelled from said 
annular chamber being the phase portion of highest 
density. 

9. The apparatus of any of claims 1-8, wherein said 
motor means provides rotation of said phase sepa- 
ration container around said longitudinal at a rota- 
tional speed sufficient to generate a gravitational 
field within said annular chamber so as to separate 
said liquid sample into said phase portions at any 
location within said annular chamber. 

10. The apparatus of cla im 1 including a receiver cham- 
ber for receiving said phase portion expelled from 
said annular chamber. 

11. The apparatus according to Claim 10, said drain 
conduit means including a reaction chamber in 
which a reagent is enclosed for reacting with said 
one of said phase portions expelled from said an- 
nular chamber for the formation of a reaction prod- 
uct. 

12. The apparatus according to Claim 10, said receiver 
chamber constituting a reaction chamber in which 
a reagent is enclosed for reacting with said one of 
said phase portions expelled from said annular 
chamber for the formation of a reaction product. 
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13. The apparatus of Claim 10, wherein said inner cy- 
lindrical wall defining a further receiver chamber ex- 
tends around the same longitudinal axis as said an- 
nular chamber and wherein said chambers are sep- 
arated by said piston body. 5 

14. The apparatus of any of claims 1-13, wherein said 
inner cylindrical wall defining said annular chamber 
comprises a cylindrical wall component of said pis- 
ton body. 10 

15. The apparatus according to Claim 14, said inner cy- 
lindrical wall defining a further receiver chamber 
communicating with said reaction chamber through 

a further conduit means for receiving said reaction *5 
product from said reaction chamber. 

16. The apparatus according to Claim 15, said further 
receiver chamber being constituted by a separate 
syringe component received within said inner cylin- 20 
drical wall. 

17. An apparatus as claimed in claim 1 for separating 
a liquid sample having phase portions of different 
densities into said phase portions by centrifugal 25 
separation, wherein said inner and outer cylindrical 
walls of the housing define inner and outer radii, r } 
and r 0 , resspectively, relative to said longitudinal ax- 
is, and said inner and outer radii define a ratio r/r 0 

of the order of 0.3:1 to about 0.8:1. 30 

18. The apparatus of claim 17 wherein said ratio is 
about 0.5:1. 

19. The apparatus of claim 17 wherein said inner radius 35 
and speed are chosen such that a gravitational 
force needed for the concentric separation of said 
phase portions of different densities is provided at 

all areas within said annular chamber. 

40 

20. The apparatus of any of claims 1-19, wherein said 
apparatus includes connector means to connect 
said housing to said motor means. 

21. The apparatus according to Claim 20, said connec- 45 
tor means being constituted by snap fitting connec- 
tor means provided at said outer cylindrical wall of 
said housing. 

22. A method of separating a liquid sample having 50 
phase portions of different densities into said phase 
portions by centrifugal separation, said method 
comprising: 

providing a phase separation container, com- 55 
prising: 

a housing having concentric inner and out- 



er cylindrical walls defining a longitudinal 
axis, a bottom wall, and a top wall, said out- 
er cylindrical wall, said inner cylindrical 
wail, said bottom wall and said top wall de- 
fining together an annular chamber for re- 
ceiving said liquid sample 
a piston body constituting said bottom wall 
or top wall of said housing and being dis- 
placeable within said annular chamber 
from a first position in which a maximum 
interior volume is defined within said annu- 
lar chamber to a second position in which 
a minimum interior volume is defined within 
said annular chamber; and 
a drain conduit means provided at said in- 
ner cylindrical wall and communicating 
with said annular chamber; 
supplying said liquid sample to said annu- 
lar chamber of said phase separation 
chamber as said piston body is in said first 
position; 

rotating said phase separation container 
round said longitudinal axis at a rotational 
speed causing a separation os said liquid 
sample into said phase portions; 
displacing said piston body within said an- 
nular chamber from said first position to- 
wards said second position while said 
phase separation container is rotated at 
said rotational speed so as to expel one of 
said phase portions from said annular 
chamber through said drain conduit 
means. 

23. A method as claimed in claim 22 of separating a 
liquid sample having phase portions of different 
densities into said phase portions by centrifugal 
separation, wherein the rotation causes the gener- 
ation of a gravitational field within said annular 
chamber so as to separate said liquid sample into 
said phase portions at any location within said an- 
nular chamber. 

' 24. A method of separating a liquid sample having 
phase portions of different densities into said phase 
portions by centrifugal separation, as claimed in 
claim 22 wherein said phase separation container 
is continuously rotated round said longitudinal axis 
and one of said phase portions is continuously ex- 
pelled from said annular chamber through said 
drain conduit as said one of said phase portions is 
separated from said liquid sample. 

25. An apparatus for separating a liquid sample having 
phase portions of different densities into said phase 
portions by centrifugal separation, as claimed in 
claim 1 wherein the chamber comprises inner and 
outer cylindrical walls defining inner and outer radii, 
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Tj and r 0 , respectively, relative to said longitudinal 
axis, said inner and outer radii defining a ratio r/r Q 
of the order of 0.3:1 to about 0.8:1, preferably ap- 
proximately 0.5; and wherein rotation of the contain- 
er causes the generation of a gravitational field with- 
in said annular chamber so as to separate said liq- 
uid sample into said phase portions at any location 
within said annular chamber; and said apparatus 
further comprises 

means for detecting the characteristics of one 
or both of the components within said phase 
separation container during said separation 
process. 

The apparatus according to claim 25, said liquid 
sample being a blood sample, and said one of the 
said phase portions being plasma. 



27. A process for separating a blood component from 
a blood sample comprising; 

introducing a fixed volume of blood into a first 
annular chamber of a centrifuge apparatus 
where the annular chamber is defined by a cy- 
lindrical outer wall and a cylindrical inner wall, 
both walls extending coaxially about a common 
axis, as well as by a top wall and a bottom wall 
where the top wall or the bottom wall is formed 
by a piston body displaceable within said first 
chamber; 

rotating said centrifuge apparatus about said 
common axis to substantially centrifugally sep- 
arate said blood into two or more fractions of 
different densities; 

transferring one of said fractions into a second 
chamber by action of said piston while contin- 
uing said centrifugation so as to maintain said 
separation in said first chamber, said second 
chamber defined by a cylindrical wall extending 
coaxially about said common axis; 
subjecting said transferred fraction to an agent 
capable of separating the desired blood com- 
ponent from said transferred fraction, wherein 
said apparatus is in accordance with claims 
1-21. 

28. A process as claimed in claim 27 wherein the blood 
component is fibrin and rotation of the centrifuge 
separates said blood into a cell fraction and a plas- 
ma fraction; and 

said plasma fraction is transferred into the sec- 
ond chamber by action of the piston and the 
plasma fraction in said second chamber is sub- 
jected to a thrombin-like enzyme wherein the 
plasma fraction is separated into a fluid fraction 
and a fraction containing non-crosslinked fibrin 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



polymer; the process further comprising 
removing said fluid from said second chamber; 
solubilizing said non-crosslinked fibrin polymer 
to provide a fibrin monomer-containing solu- 
tion; and, 

removing said thrombin-like enzyme from the 
so-formed fibrin monomer-containing solution. 

29. The process of claim 28 wherein a third chamber is 
included within said inner cylindrical wall of said an- 
nular chamber, which third chamber contains a re- 
dissolving solution which is dispensed into said sec- 
ond chamber to provide for said solubilizing of said 
non-crosslinked fibrin polymer and wherein said 
third chamber is adapted to collect said fibrin mon- 
omer-containing solution following said solubiliza- 
tion and, optionally, said enzyme removal. 

30. The process of claims 28 or 29 wherein said third 
chamber is a syringe. 

31. The process of claim 28 wherein said non- 
crosslinked fibrin polymer and said fibrin monomer 
and selected from fibrin I, fibrin II and des BB fibrin. 

32. The process of claim 28 wherein said thrombin-like 
enzyme is selected from Acutin, Venzyme, Asper- 
ase, Botropase, Crotalase, Flavoxobin, Gabonase, 
Batroxobin and thrombin. 



Patentanspruche 

1. Vorrichtung zum Trennen einer Flussigkeitsprobe 
mit Phasenanteilen mit unterschiedlichen Dichten 
in die Phasenanteile durch Zentrifugaltrennung mit: 

einem Phasentrennbehalter mit: 

einem Gehause mit einer konzentrischen 
zylindrischen Innen- und Aulienwand, die 
eine Langsachse bilden, einer Bodenwand 
und einer Oberseitenwand, wobei die zy- 
lindrische Aufienwand, die zylindrische In- 
nenwand, die Bodenwand und die Ober- 
seitenwand zusammen eine Ringkammer 
zum Aufnehmen der Flussigkeitsprobe bil- 
den, 

einem Kolbenkorper, der die Bodenwand 
Oder Oberseitenwand des Gehduses bildet 
und innerhalb der Ringkammer aus einer 
ersten Position, in der ein maximales In- 
nenvolumen innerhalb der Ringkammer 
gebildet ist, in eine zweite Position ver- 
schiebbar ist, in der ein minimales Innen- 
volumen innerhalb der Ringkammer gebil- 
det ist, und 

einer Ablalileitungseinrichtung, die mit der 
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Ringkammer kommuniziert, 
einer Flussigkeitszufuhreinrichtung zum 
Zufuhren der Flussigkeitsprobe zur Ring- 
kammer der Phasentrennkammer, wenn 
sich der Kolbenkbrper in der ersten Positi- 
on befindet, 

einer Motoreinrichtung zum Drehen des 
Phasentrennbehalters urn die Langsachse 
mit einer Drehzahl, die eine Trennung der 
Flussigkeitsprobe in die Phasenanteile be- 
wirkt, und 

einer Stellgliedeinrichtung zum Verschie- 
ben des Kolbenkorpers innerhalb der Ring- 
kammer aus der ersten Position zur zwei- 
ten Position, wahrend der Phasentrennbe- 
halter mit der Drehzahl gedreht wird, urn ei- 
nen der Phasenanteile aus der Ringkam- 
mer uber die Ablafcleitungseinrichtung 
auszutreiben. 

2. Vorrichtung nach Anspruch 1 , wobei die AblaRlei- 
tungseinrichtung an oder nahe der zylindrischen In- 
nenwand so vorgesehen ist, dafi der aus der Ring- 
kammer auszutreibende Phasenanteil der Phasen- 
anteil mit geringster Dichte ist. 

3. Vorrichtung nach Anspruch 2, wobei die Ablafclei- 
tungseinrichtung durch eine sich durch die Boden- 
wand erstreckende Leitung gebildet und mit einem 
steuerbaren Ventil versehen ist, das aus einer ge- 
schlossenen Position in eine offene Position steu- 
erbar ist, urn zu bewirken, dad der eine der Phasen- 
anteile aus der Ringkammer ausgetrieben wird. 

4. Vorrichtung nach Anspruch 2, wobei die Leitung an 
der zylindrischen Aufienwand vorgesehen ist und 
der eine der Phasenanteile, der aus der Ringkam- 
mer auszutreiben ist, der Phasenanteil mit hochster 
Dichte ist. 

5. Vorrichtung nach Anspruch 2, wobei das steuerba- 
re Ventil ein Ruckschlagventil ist, das aus der ge- 
schlossenen Position in die offene Position um- 
schaltbar ist, wenn es einer Zentrifugalkraft ausge- 
setzt ist, wenn der PhasentrennbehSlter mit der 
Drehzahl gedreht wird. 

6. Vorrichtung nach Anspruch 1 , wobei die AblaBlei- 
tungseinrichtung durch eine sich durch die Obersei- 
tenwand erstreckende Leitung gebildet ist. 

7. Vorrichtung nach Anspruch 6, wobei die Leitung an 
der zylindrischen Innenwand vorgesehen ist und 
der eine der Phasenanteile, der aus der Ringkam- 
mer auszutreiben ist, der Phasenanteil mit gering- 
ster Dichte ist. 

8. Vorrichtung nach Anspruch 6, wobei die Leitung an 



der zylindrischen Aufienwand vorgesehen ist und 
der eine der Phasenanteile, der aus der Ringkam- 
mer auszutreiben ist, der Phasenanteil mit hdchster 
Dichte ist. 

5 

9. Vorrichtung nach einem der Anspruche 1 bis 8, wo- 
bei die Motoreinrichtung fur Drehung des Phasen- 
trennbehalters urn die Langsachse mit einer Dreh- 
zahl sorgt, die ausreicht, ein Schwerefeld innerhalb 

10 der Ringkammer zu erzeugen, urn die Flussigkeits- 
probe in die Phasenanteile an jeder Stelle innerhalb 
der Ringkammer zu trennen. 

10. Vorrichtung nach Anspruch 1 mit einer Aufnehmer- 
15 kammer zum Aufnehmen des aus der Ringkammer 

ausgetriebenen Phasenanteils. 

11. Vorrichtung nach Anspruch 10, wobei die Ablaftlei- 
tungseinrichtung eine Reaktionskammer aufweist, 

20 in der ein Reagens zum Reagieren mit dem einen 
der Phasenanteile, der aus der Ringkammer aus- 
getrieben wird, zur Bildung eines Reaktionspro- 
dukts eingeschlossen ist. 

25 12. Vorrichtung nach Anspruch 10, wobei die Aufneh- 
merkammer eine Reaktionskammer bildet, in der 
ein Reagens zum Reagieren mit dem einen der 
Phasenanteile, der aus der Ringkammer ausgetrie- 
ben wird, zur Bildung eines Reaktionsprodukts ein- 

30 geschlossen ist. 

13. Vorrichtung nach Anspruch 10, wobei die zylindri- 
schen Innenwand eine weitere Aufnehmerkammer 
bildet, die sich urn die gleiche Langsachse wie die 

35 Ringkammer erstreckt, und wobei die Kammern 
durch den Kolbenkorper getrennt sind. 

14. Vorrichtung nach einem der Anspruche 1 bis 13, 
wobei die zylindrische Innenwand, die die Ring- 

40 kammer bildet, eine zylindrische Wandkomponente 
des Kolbenkorpers aufweist. 

15. Vorrichtung nach Anspruch 14, wobei die zylindri- 
sche Innenwand eine weitere Aufnehmerkammer 

45 bildet, die mit der Reaktionskammer uber eine wei- 
tere Leitungseinrichtung zum Aufnehmen des Re- 
aktionsprodukts aus der Reaktionskammer kom- 
muniziert. 

so 16. Vorrichtung nach Anspruch 15, wobei die weitere 
Aufnehmerkammer durch eine gesonderte Sprit- 
zenkomponente gebildet ist, die innerhalb der zy- 
lindrischen Innenwand aufgenommen ist. 

55 17. Vorrichtung nach Anspruch 1 zum Trennen einer 
Flussigkeitsprobe mit Phasenanteilen mit unter- 
schiedlichen Dichten in die Phasenanteile durch 
Zentrifugaltrennung. wobei die zylindrische Innen- 
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und AuBenwand des Gehauses einen Innen- und 
AuBenradius r t bzw. r 0 relativ zur Langsachse bilden 
und der Innen- und AuBenradius ein Verhaltnis rjr 0 
in der GroBenordnung von 0,3:1 bis etwa 0,8:1 bil- 
den. 5 

18. Vorrichtung nach Anspaich 17, wobei das Verhalt- 
nis etwa 0,5:1 betragt. 

19. Vorrichtung nach Anspruch 17, wobei der Innenra- 10 
dius und die Drehzahl so ausgewahlt sind, daB eine 
Schwerkraft, die zur konzentrischen Trennung der 
Phasenanteile mit unterschiedlichen Dichten not- 
wendig ist, in alien Bereichen innerhalb der Ring- 
kammer vorgesehen ist. 15 

20. Vorrichtung nach einem der Ansprtiche 1 bis 1 9, 
wobei die Vorrichtung eine Verbindereinrichtung 
zum Verbinden des Gehauses mit der Motoreinrich- 
tung aufweist. 20 

21. Vorrichtung nach Anspruch 20, wobei die Verbin- 
dereinrichtung durch eine Schnappverbinderein- 
richtung gebildet ist, die an der zylindrischen Au- 
Benwand des Gehauses vorgesehen ist. 25 

22. Verfahren zum Trennen einer Flussigkeitsprobe mit 
Phasenanteilen mit unterschiedlichen Dichten in 
die Phasenanteile durch Zentrifugaltrennung, wo- 
bei das Verfahren die folgenden Schritte aufweist: 30 

Bereitstellen eines Phasentrennbehalters mit: 

einem Gehause mit einer konzentrischen 
zylindrischen Innen- und AuBenwand, die 35 
eine Langsachse bilden, einer Bodenwand 
und einer Oberseitenwand, wobei die zy- 
lindrische AuBenwand, die zylindrische In- 
nenwand, die Bodenwand und die Ober- 
seitenwand zusammen eine Ringkammer *o 
zum Aufnehmen der Flussigkeitsprobe bil- 
den; 

einem KolbenkSrper, der die Bodenwand 
Oder Oberseitenwand des Gehauses bildet 
und innerhalb der Ringkammer aus einer 45 
ersten Position, in der ein maximales In- 
nenvolumen innerhalb der Ringkammer 
gebildet ist, in eine zweite Position ver- 
schiebbar ist, in der ein minimales Innen- 
volumen innerhalb der Ringkammer gebil- 50 
det ist; und 

einer AblaBleitungseinrichtung, die an der 
zylindrischen Innenwand vorgesehen ist 
und mit der Ringkammer kommuniziert; 
Zufuhren der Flussigkeitsprobe in die 55 
Ringkammer der Phasentrennkammer, 
wenn sich der Kolbenkdrper in der ersten 
Position befindet; 



Drehen des Phasentrennbehalters urn die 
Langsachse mit einer Drehzahl, die eine 
Trennung der Flussigkeitsprobe in die Pha- 
senanteile bewirkt; 

Verschieben des Kolbenk6rpers innerhalb 
der Ringkammer aus der ersten Position 
zur zweiten Position, wahrend der Phasen- 
trennbehalter mit der Drehzahl gedreht 
wird, urn einen der Phasenanteile aus der 
Ringkammer uber die AblaBleitungsein- 
richtung auszutreiben. 

23. Verfahren nach Anspruch 22 zum Trennen einer 
Flussigkeitsprobe mit Phasenanteilen mit unter- 
schiedlichen Dichten in die Phasenanteile durch 
Zentrifugaltrennung, wobei die Drehung die Erzeu- 
gung eines Schwerefelds innerhalb der Ringkam- 
mer bewirkt, urn die Flussigkeitsprobe in die Pha- 
senanteile an jeder Stelle innerhalb der Ringkam- 
mer zu trennen. 

24. Verfahren zum Trennen einer Flussigkeitsprobe mit 
Phasenanteilen mit unterschiedlichen Dichten in 
die Phasenanteile durch Zentrifugaltrennung nach 
Anspruch 22, wobei der Phasentrennbehalter kon- 
tinuierlich urn die Langsachse gedreht und einer der 
Phasenanteile kontinuierlich aus der Ringkammer 
uber die AblaBleitung ausgetrieben wird, wenn der 
eine der Phasenanteile von der Flussigkeitsprobe 
getrennt wird. 

25. Vorrichtung zum Trennen einer Flussigkeitsprobe 
mit Phasenanteilen mit unterschiedlichen Dichten 
in die Phasenanteile durch Zentrifugaltrennung 
nach Anspruch 1, wobei die Kammer eine zylindri- 
sche Innen- und AuBenwand aufweist, die einen In- 
nen- und AuBenradius r { bzw. r 0 relativ zur Langs- 
achse bilden, wobei der Innen- und AuBenradius 
ein Verhaltnis r/r 0 in der GrSBenordnung von 0,3:1 
bis etwa 0,8:1, vorzugsweise etwa 0,5:1, bilden; 
und wobei Drehung des Behalters die Erzeugung 
eines Schwerefelds innerhalb der Ringkammer be- 
wirkt, urn die Flussigkeitsprobe in die Phasenantei- 
le an jeder Stelle innerhalb der Ringkammer zu 
trennen; und die Vomchtung ferner aufweist: 

eine Einrichtung zum Detektieren der Kenn- 
werte einer oder beider Komponenten inner- 
halb des Phasentrennbehalters wahrend des 
Trennverfahrens. 

26. Vorrichtung nach Anspruch 25, wobei die Flussig- 
keitsprobe eine Blutprobe und der eine der Phasen- 
anteile Plasma ist. 

27. Verfahren zum Trennen einer Blutkomponente von 
einer Blutprobe mit den folgenden Schritten: 
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Einleiten eines festen Blutvolumens in eine er- 
ste Ringkammer einer Zentrifugenvorrichtung, 
wobei die Ringkammer gebildet ist durch eine 
zyiindrische AuRenwand und eine zylindrische 
Innenwand, wobei sich beide Wande koaxial 
urn eine gemeinsame Achse erstrekken, sowie 
durch eine Oberseitenwand und eine Boden- 
wand, wobei die Oberseitenwand Oder die Bo- 
denwand durch einen KolbenkCrper gebildet 
ist, der innerhalb der ersten Kammer ver- 
schiebbar ist; 

Drehen der Zentrifugenvorrichtung urn die ge- 
meinsame Achse, um das Blut in zwei Oder 
mehr Fraktionen mit unterschiedlichen Dichten 
im wesentlichen zentrifugal zu trennen; 
Oberfuhren einer der Fraktionen in eine zweite 
Kammer durch Wirkung des Kolbens, wahrend 
das Zentrifugieren fortgesetzt wird, um die 
Trennung in der ersten Kammer aufrecht zu er- 
halten, wobei die zweite Kammer durch eine 
zylindrische Wand gebildet ist, die sich koaxial 
um die gemeinsame Achse erstreckt; 
Einwirkenlassen eines Agens auf die uberfuhr- 
te Fraktion, das die gewunschte Blutkompo- 
nente von der uberfuhrten Fraktion trennen 
kann, wobei die Vorrichtung Anspruch 1 bis 21 
entspricht. 

28. Verfahren nach Anspruch 27, wobei die Blutkompo- 
nente Fibrin ist und Drehung der Zentrifuge das Blut 
in eine Zellfraktion und eine Plasmafraktion trennt; 
und 

die Plasmafraktion in die zweite Kammer durch 
Wirkung des Kolbens uberfuhrt und die Plas- 
mafraktion in der zweiten Kammer einem 
thrombinartigen Enzym ausgesetzt wird, wobei 
die Plasmafraktion in eine Fluidfraktion und ei- 
ne nicht vernetztes Fibrinpolymer enthaltende 
Fraktion getrennt wird; wobei das Verfahren 
ferner die folgenden Schritte aufweist: 

Entfernen des Fluids aus der zweiten Kam- 
mer; 

Solubilisieren des nicht vernetzten Fibrin- 
polymers, um eine fibrinmonomerhaltige 
Losung zu bilden; und 
Entfernen des thrombinartigen Enzyms 
aus der so gebildeten fibrinmonomerhalti- 
gen Losung. 

29. Verfahren nach Anspruch 28, wobei eine dritte 
Kammer innerhalb der zylindrischen Innenwand der 
Ringkanuner vorgesehen ist, wobei die dritte Kam- 
mer eine wiederaufiosende Losung enthalt, die in 
die zweite Kammer abgegeben wird, um fur das So- 
lubilisieren des nicht vernetzten Fibrinpolymers zu 
sorgen, und wobei die dritte Kammer geeignet ist, 



die fibrinmonomerhaltige L6sung nach dem Solubi- 
lisieren und optional die Enzym entfernung aufzu- 
fangen. 

5 30. Verfahren nach Anspruch 28 Oder 29, wobei die drit- 
te Kammer eine Spritze ist. 

31. Verfahren nach Anspruch 28, wobei das nicht ver- 
netzte Fibrinpolymer und das Fibrinmonomer aus 

10 Fibrin I, Fibrin II und Des-BB-Fibrin ausgewahlt 
sind. 

32. Verfahren nach Anspruch 28, wobei das thrombin- 
artige Enzym aus Acutin, Venzym, Asperase, Bo- 

15 tropase, Crotalase, Flavoxobin, Gabonase, Batro- 
xobin und Thrombin ausgewahlt ist. 



Revendications 

1. Un appareil pour separer un echantillon de liquide 
presentant des parties de phase de densites diffe- 
rentes pour donner lesdites parties de phase par 
separation centrifuge, comprenant: 

un recipient de separation de phase, compre- 
nant; 

un boitier presentant des parois cylindriques in- 
terne et exteme concentriques definissant un 
axe longitudinal, une paroi inferieure et une pa- 
rol superieure, ladite paroi cyltndrique externe, 
ladite paroi cylindrique interne, ladite paroi in- 
terieure et ladite paroi superieure definissant 
entre elles une chambre annulaire pour rece- 
voir ledit echantillon de liquide, 
un corps de piston constituant ladite paroi infe- 
rieure ou ladite paroi aupericurc dudit boitier et 
pouvant etre deplace a I'interieur de ladite 
chambre annulaire depuis une premiere posi- 
tion dans laquelle un volume interieur maxi- 
mum est defini a I'interieur de ladite chambre 
annulaire jusqu'a une seconde position dans 
laquelle un volume interieur minimum est defini 
a I'interieur de ladite chambre annulaire, et 
un moyen de conduit d'evacuation communi- 
quant avec ladite chambre annulaire, 
un moyen d'amenee de liquide pour amener le- 
dit echantillon de liquide vers ladite chambre 
annulaire de ladite chambre de separation de 
phase lorsque ledit corps de piston se trouva 
dans ladite premiere position, 
un moyen motorise pour fa ire tourner ledit re- 
cipient de separation de phase autour dudit axe 
longitudinal a une vitesse de rotation amenant 
une separation dudit echantillon de liquide pour 
donner lesdites parties de phase, et 
un moyen d'actionnement pour deplacer ledit 
corps de piston a Tinterieur de ladite chambre 
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annulaire depuis ladite premiere position vers 
ladite seconde position alors que led it recipient 
de separation de phase estentraine en rotation 
a ladite vitesse de rotation afin d'expulser, de 
ladite chambre annulaire, une premiere desdi- 5 
tes parties de phase par I'intermediaire dudit 
moyen de conduit d'evacuation. 

2. L'appareil selon la revendication 1 , dane lequel ledit 
moyen de conduit d'evacuation est prevu au niveau 10 
de ladite paroi cylindrique interne ou pres de celle- 

ci de telle maniere que ladite partie de phase devant 
etre expulsee de ladite chambre annulaire est la 
partie de phase de densite la plus faible. 

15 

3. L'appareil selon la revendication 2, dans lequel ledit 
moyen de conduit d'evacuation est constitue par un 
conduit s'etendant a travers ladite paroi inferieure 
et comprenant une vanne pouvant Stre comman- 
dee, laquelle peut etre commandee depuis une po- 20 
sition fermee jusqu'a une position ouverte pour 
amener ladite premiere desdites parties de phase 

a Stre expulsee de ladite chambre annulaire. 

4. L'appareil selon la revendication 2, dans lequel ledit 25 
conduit est prevu au niveau de ladite paroi cylindri- 
que externe et dans lequel ladite premiere desdites 
parties de phase devant etre expulsee de ladite 
chambre annulaire est la partie de phase de densite 

la plus elevee. 30 

5. L'appareil selon la revendication 2, ladite vanne 
pouvant etre controlee etant une soupape qui peut 
etre commutee de ladite position fermee a ladite po- 
sition ouverte lorsqu'elle est exposee a une force 35 
centrifuge alors que ledit recipient de separation de 
phase est enframe en rotation a ladite vitesse de 
rotation. 

6. L'appareil selon la revendication 1 , ledit moyen de *o 
conduit d'evacuation etant constitue par un conduit 
s'etendant a travers ladite paroi superieure. 

7. L'appareil selon la revendication 6, ledit conduit 
etant prevu au niveau de ladite paroi cylindrique in- 45 
terne et ladite premiere desdites parties de phase 
devant etre expulsee de ladite chambre annulaire 
etant la partie de phase de densite la plus faible. 

8. L'appareil selon la revendication 6, ledit conduit so 
etant prevu au niveau de ladite paroi cylindrique ex- 
terne et ladite premiere desdites parties de phase 
devant etre expulsee de ladite chambre annulaire 
etant la partie de phase de densite la plus elevee. 

55 

9. L'appareil d'une quelconque des revendications 1 
a 8, dans lequel ledit moyen motorise assure la ro- 
tation dudit recipient de separation de phase autour 



dudit axe longitudinal a une vitesse de rotation suf- 
fisante pour produire un champ gravitationnel a I'in- 
terieur de ladite chambre annulaire de maniere a 
separer ledit echantillon de liquide pour donner les- 
dites parties de phase en un emplacement quelcon- 
que a I'interieur de ladite chambre annulaire. 

10. L'appareil de la revendication 1 comprenant une 
chambre de reception pour recevoir ladite partie de 
phase expulsee de ladite chambre annulaire. 

1 1 . L'appareil selon la revendication 1 0, ledit moyen de 
conduit d'evacuation comprenant une chambre de 
reaction dans laquelle est enferme un reactif prevu 
pour reagir avec ladite premiere desdites parties de 
phase expulsee de ladite chambre annulaire pour 
la formation d'un produit reactionnel. 

12. L'appareil selon la revendication 10, ladite chambre 
de reception constituant une chambre de reaction 
dans laquelle est enferme un reactif prevu pour rea- 
gir avec ladite premiere desdites parties de phase 
expulsee de ladite chambre annulaire pour la for- 
mation d'un produit reactionnel. 

13. L'appareil de la revendication 10, dans lequel ladite 
paroi cylindrique interne definissant une chambre 
de reception supplemental s'etend autour du me- 
me axe longitudinal que ladite chambre annulaire 
et dans lequel lesdites chambres sont 'separees par 
ledit corps de piston. 

14. L'appareil d'une quelconque des revendications 1 
a 13, dans lequel ladite paroi cylindrique interne de- 
finissant ladite chambre annulaire comprend un 
element de paroi cylindrique constitutif dudit corps 
de piston. 

15. L'appareil selon la revendication 14, ladite paroi cy- 
lindrique interne definissant une chambre de recep- 
tion supplemental communiquant avec ladite 
chambre de reaction par I'intermediaire d'un moyen 
de conduit supplemental pour recevoir ledit pro- 
duit reactionnel issu de ladite chambre de reaction. 

16. L'appareil selon la revendication 1 5, ladite chambre 
de reception supplemental etant constitute par 
un element constitutif d'une seringue separee recue 
a I'interieur de ladite paroi cylindrique interne. 

17. Un appareil tel que revendique a la revendication 1 
pour separer un echantillon de liquide presentant 
des parties de phase de densites differentes pour 
donner lesdites parties de phase par separation 
centrifuge, dans lequel lesdites parois cylindriques 
interne et externe du boitier definissent des rayons 
interne et externe rj et respectivement r 0 , par rap- 
port audit axe longitudinal, lesdits rayons interne et 
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externe definissant un rapport r/r 0 de I'ordre de 0,3: 
1 a environ 0,8:1. 

18. L'appareil de la revendication 17 dans lequel (edit 
rapport est d'environ 0,5:1. 

19. L'appareil de la revendication 17 dans lequel ledit 
rayon interne et la vitesse sont choisis de telle ma- 
niere qu'une force gravitationnelle necessaire pour 
la separation concentrique desdites parties de pha- 
se de densites differences soit prevue au niveau de 
toutes zones a I'interieur de ladite chambre annu- 
lare. 

20. L'appareil d'une quelconque des revendications 1 
a 1 9, dans lequel ledit appareil comprend un moyen 
de liaison pour relier ledit boitier audit moyen mo- 
torist 

21. L'appareil selon la revendication 20, ledit moyen de 
liaison etant constitue par un moyen de liaison a en- 
cliquettage prevu au niveau de ladite paroi cylindri- 
que externe dudit boitier. 

22. Un procede de separation d'un echantillon de liqui- 
de presentant des parties de phase de densites dif- 
ferentes pour donner lesdites parties de phase par 
separation centrifuge, ledit procede comprenant les 
etapes consistant a : 

prevoir un recipient de separation de phase, 
comprenant: 

un boitier presentant des parois cylindri- 
ques interne et externe concentriques de- 
finissant un axe longitudinal, une paroi in- 
ferieure et une paroi superieure, ladite pa- 
roi cylindrique externe, ladite paroi cylindri- 
que interne, ladite paroi inferieure et ladite 
paroi superieure definissant entre elles 
une chambre annulaire pour recevoir ledit 
echantillon de liquide, 
un corps de piston constituant ladite paroi 
inferieure ou ladite paroi superieure dudit 
boitier et pouvant etre deplace a I'interieur 
de ladite chambre annulaire depuis une 
premiere position dans laquelle un volume 
interieur maximum est defini a I'interieur de 
ladite chambre annulaire jusqu'a une se- 
conde position dans laquelle un volume in- 
terieur minimum est defini a I'interieur de 
ladite chambre annulaire; et 
un moyen de conduit d'evacuation prevu 
au niveau de ladite paroi cylindrique inter- 
ne et communiquant avec ladite chambre 
annulaire; 

amener ledit echantillon de liquide vers la- 
dite chambre annulaire de ladite chambre 



de separation de phase lorsque ledit corps 
de piston se trouve dans ladite premiere 
position; 

faire toumer ledit recipient de separation 
5 de phase autour dudit axe longitudinal a 

une vitesse de rotation amenant une sepa- 
ration dudit echantillon de liquide pour don- 
ner lesdites parties de phase; 
deplacer ledit corps de piston a I'interieur 
10 de ladite chambre annulaire depuis ladite 

premiere position vers ladite seconde po- 
sition alors que ledit recipient de separa- 
tion de phase est entraine en rotation a la- 
dite vitesse de rotation a fin d'expulser, de 
15 ladite chambre annulaire, une premiere 

desdites parties de phase par I'intermediai- 
re dudit moyen de conduit d'evacuation. 

23. Un procede tel que revendique a la revendication 
20 22 de separation d'un echantillon de liquide presen- 
tant des parties de phase de densites differentes 
pour donner lesdites parties de phase par separa- 
tion centrifuge, dans lequel la rotation amene la for- 
mation d'un champ gravitationnel a I'interieur de la- 
25 dite chambre annulaire de maniere a separer ledit 
echantillon de liquide pour donner lesdites parties 
de phase en un emplacement quelconque a I'inte- 
rieur de ladite chambre annulaire. 

30 24. Un procede de separation d'un echantillon de liqui- 
de presentant des parties de phase de densites dif- 
ferentes pour donner lesdites parties de phase par 
separation centrifuge, tel que revendique a la re- 
vendication 22, dans lequel ledit recipient de sepa- 

35 ration de phase est entraine de maniere continue 
en rotation autour dudit axe longitudinal et dans le- 
quel une premiere desdites parties de phase est ex- 
pulsee de maniere continue de ladite chambre an- 
nulaire par i'intermediaire dudit conduit d'evacua- 

40 tion lorsque ladite premiere desdites parties de pha- 
se est separee dudit echantillon de liquide. 

25. Un appareil pour separer un echantillon de liquide 
presentant des parties de phase de densites diffe- 
rs rentes pour donner lesdites parties de phase par 
separation centrifuge, tel que revendique a la re- 
vendication 1, dans lequel la chambre comprend 
des parois cylindriques interne et externe definis- 
sant des rayons interne et externe r s et respective- 
50 ment r 0 , par rapport audit axe longitudinal, lesdits 
rayons interne et externe definissant un rapport r/ 
r 0 de I'ordre de 0,3:1 a environ 0,8:1, de preference 
d'approximativement 0,5; et dans lequel la rotation 
du recipient amene la formation d'un champ gravi- 
55 tationnel a I'interieur de ladite chambre annulaire de 
maniere a separer ledit echantillon de liquide pour 
donner lesdites parties de phase en un emplace- 
ment quelconque a I'interieur de ladite chambre an- 
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nulaire, et (edit appareil comprend en outre 

des moyens pour detecter les caracteristi- 
ques de Tun ou des, deux elements constitutifs a 
rinterieur dudit recipient de separation de phase 
pendant te procede de separation. 

26. L'appareil selon la revendication 25, (edit echan- 
tillon de liquide etant un echantillon de sang, et la- 
dite premiere desdites parties de phase etant du 
plasma. 

27. Un procede pour separer un element constitutif du 
sang d'un echantillon de sang comprenant les eta- 
pes consistant a: 

introduire un volume fixe de sang dans une pre- 
miere chambre annulaire d'un appareil de cen- 
trifugation ou la chambre annulaire est definie 
par une paroi cylindrique externe et une parol 
cylindrique interne, les deux parois s'etendant 
coaxialement autour d'un axe commun, ainsi 
que par une paroi superieure et une paroi infe- 
rieure ou la paroi superieure ou la paroi infe- 
rieure est formee par un corps de piston pou- 
vant se deplacer a rinterieur de ladite premiere 
chambre; 

faire tourner ledit appareil de centrifugation 
autour dudit axe commun pour separer par cen- 
trifugation pratiquement ledit sang en au moins 
deux fractions de densites differentes; 
transferer une premiere desdites fractions dans 
une seconde chambre par action dudit piston 
tout en continuant ladite centrifugation de ma- 
niere a maintenir ladite separation dans ladite 
premiere chambre, ladite seconde chambre 
etant definie par une paroi cylindrique s'eten- 
dant coaxialement autour dudit axe commun; 
soumettre ladite fraction ainsi transferee a un 
agent capable de separer Pelement constitutif 
desire du sang a partir de ladite fraction trans- 
feree, dans lequel ledit appareil est conforme 
aux revendications 1 a 21. 



retirer ledit fluide hors de ladite seconde 
chambre; 

solubiliser ledit polymere de fibrine non re- 
ticule pour former une solution contenant 
5 un monomere de fibrine; et 

retirer ladite enzyme analogue a la throm- 
bine hors de la solution de fibrine conte- 
nant un monomere, ainsi formee. 

10 29. Le procede de la revendication 28 dans lequel une 
troisieme chambre est incluse a rinterieur de ladite 
paroi cylindrique interne de ladite chambre annulai- 
re, laquelle troisieme chambre contient une solution 
de redissolution qui est delivree dans ladite secon- 
ds de chambre pour assurer ladite solubilisation dudit 
polymere de fibrine non reticule et dans lequel ladite 
troisieme chambre est adaptee a recueillir ladite so- 
lution contenant un monomere de fibrine a la suite 
de ladite solubilisation et, faculativement, dudit re- 
20 trait de Penzyme. 

30. Le procede des revendications 28 ou 29 dans le- 
quel ladite troisieme chambre est une seringue. 

25 31 . Le procede de la revendication 28 dans lequel ledit 
polymere de fibrine non reticule et ledit monomere 
de fibrine sont choisis parmi la fibrine I, la fibrine II 
et la des BB fibrine. 

30 32. Le procede de la revendication 28 dans lequel ladite 
enzyme analogue a la thrombine est choisie parmi 
I'Acutine, la Venzyme, TAsperase, la Crotalase, la 
Fiavoxobine, la Gabonase, la Batroxobine et la 
thrombine. 

35 



40 



28. Un procede tel que revendique a la revendication 
27 dans lequel Pelement constitutif du sang est la *5 
fibrine et la rotation de Pappareil de centrifugation 
separe ledit sang en une fraction de cellules et une 
fraction de plasma; et 

ladite fraction de plasma est transferee dans la- so 
dite seconde chambre par action du piston et 
la fraction de plasma se trouvant dans la se- 
conde chambre est soumise a une enzyme 
analogue a la thrombine ou la fraction de plas- 
ma est separee pour donner une fraction de 55 
fluide et une fraction contenant un polymere de 
fibrine non reticule, le procede comprenant en 
outre les etapes consistant a : 
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Fig. 20 
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